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ABSTRACT 

This project work is so significant globally as the world is raising concern on global 

environmental challenges seen in recent time. One critical source of environmental pollution is 

found to be associated with S.I. Engines running on Leaded Petrol. This Leaded Petrol contains 

Leaded Compound known as Tetra Ethyl Lead (TEL) which gives out a poisonous substance.  

TEL is known with its ability to resist knock and raise octane rating. This work examines the 

effect of replacing poisonous lead used as anti-knock agent with alcohol.  The sources of alcohol 

in Nigeria are numerous and includes Woodchips which are non-edible Lignocelluosic Biomass. 

Alcohol obtained from this source was blended with Petrol at different Blend ratios at 5%, 10%,, 

15%,, 20%,, 30% and 40%. The purpose of blending is to obtain an optimum blend ratio resulting 

in satisfactory engine operations. Alcohol is a renewable energy which is environmentally 

friendly. The tests runs of the blends were made on S.I Engine. The Engine Performance was 

evaluated at constant load and constant speed conditions. The results show that 20/80 

ethanol/petrol blend gave the optimum engine performance. 
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DEFINITION OF TERMS AND SYMBOLS 

S.I. Engine: Is a (spark ignition Engine) Internal combustion Engines that uses petrol and the 

combustion process of the air fuel mixture is ignited by a spark from a spark plug. 

Engine Knock: This is a sound created by a shock wave as a result of pinging metallic sound 

yielding high temperature and pressure due to spontaneous ignition of end gases. 

Characterization: This is a process involving the revelation of standing properties of a sample. 

Lead: Is a heavy chemical element in the carbon group with symbol Pb and atomic number 82. 

Biofuel: A biofuel is a fuel that contains energy from geologically recent carbon fixation from 

living organism and plants. 

Blend: A blend is a mixture of two or more substances to yield a common substance. 

Octane Number: Octane Number is a figure indicating the anti-knock properties of a fuel based 

on comparison with a mixture of isooctane and heptanes. 

Cellulose: Cellulose is an insoluble substance the main constituent of plant cell walls. It is a long 

chain polysaccharide consisting of glucose monomers. Cellulose is crystalline, strong and 

resistant to hydrolysis. 

Hemicellulose: Is a matrix polysaccharides present along with cellulose in all plant cell walls. 

Hemicellulose has a random, amorphous structure with no strength. 

Lignin: Lignin is a complex organic polymer deposited in the cell walls of many plants which 

makes them rigid and woody. 

Saccharification: Is a process used in converting pretreated cellulose into a sugar solution.  
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CHAPTER ONE 

INTRODUCTION  

1.1 Background Information  

The known issues associated with substances use in petrol doping around the world is a 

great issue and threat to human life and environment. This anchored a desire to find the 

suitability of blending Petrol with various feed stock of alcohol to determine the 

relationship with alcohol sources to properties of petrol. 

In modern automobiles (Spark Ignition Engine), the level of petrol suitability is of great 

concern to performance and environment. Spark Ignition Engine knock is among the most 

disturbing problems a vehicle can have, which has lead to the use of more poisonous 

substances to ameliorate the problem. Petrol is relatively commons as water to man. The 

extremely toxic nature of lead as a substance use in doping petrol is so crucial as this leads 

to mental retardation of new born babies when inhaled by their mothers. Richard E. 

Barrans Jr. stated that introduction of lead as a substance use in doping petrol has ruined 

automobile Catalytic converters. Leaded Petrol was phased out long ago in US when it 

was found that Lead in water and soil was from precipitation off of lead gravitated on 

roads and soils along roads. This substance is very and so harmful to man and it’s 

environment. Wayne Hall stated that in early 1990’s, the USA experienced a decline in 

crime which was unprecedented and contradicts the predicted increase in crime rate. The 

rate of all kinds of crime decline steeply across all demographical groups and in virtually 

all geographical regions in USA. It was also hypothesized that lead exposure was 

criminogenic as it leads to reduce intelligence quotient (IQ), increase impulsiveness, 

aggressiveness, and causes problems in late childhood. Environmental Protection Agency 

in 1975 specified that over a five year period, the average lead content of petrol should be 

reduced from 2 g to 0.5 g per 4.5 litres. 
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Wright et al, examined delinquent acts that resulted in arrests in the USA where the 

participant lived. It was found that elevated lead level (13.4, ug/Dl on average during 

childhood and an elevated risk of arrest which shows 54% have been arrested on a 

frequency of 800 times, and 14% for violent offences. Lead exposure and violent crime 

are correlated in ecological studies and in a small number of epidemiological studies in 

the USA and New Zealand. 

The US clear Air Act Amendments of 1990 mandated the elimination of lead from all US 

vehicle fuel by Jan 1, 1996. In fact unleaded petrol can help extend maintenance intervals. 

Today’s cars are built with near perfect pollution control equipment specifically designed 

to run on unleaded petrol. In recent past, lead on Spark plugs was the main reason to 

change of engine parts so often. It is a clear point that Africa as a continent has no clear 

terminal date for the ban of lead in the member states. It is a norm currently in Nigeria to 

use  tetra ethyl lead as an antiknock addictive and octane booster. 

TEL basically is produced by reacting chloroethene with a sodium lead alloy. 

4NaPb + 4CH3CH2Cl                          (CH3CH2)4 Pb + 4NaCl + 3Pb                (1.1) 

According to Lucas and Gullas (1997) “Environmental Sanitation is meant to create and 

maintain conditions in the environment that will promote health and prevent diseases. 

Lead poisoning can emanate from air, water or land pollutions. In the first instance lead 

was considered due to its ability to resist knock in engines and boost the octane rating of 

petrol, with probably little resistance against wear. Basically petrol is a product of crude 

oil made of carbon atoms linked together into carbon chain. The variation in carbon chains 

gives rise to different structure of gasoline. The chains show different features and 

behaviour under various characteristics like boiling points, ignition temperature. Section 

2 of the Environmental Impact Assessment Act of 1992 (EIA ACT) provides that the 

public or private sector of the economy shall not undertake or embark on or authorize 
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projects or activities without prior consideration of the effect on the environment. This 

lead the Federal Government of Nigeria to promulgate various laws and regulations to 

safeguard the Nigeria Environment. These laws and regulations include (Makinde and 

Adeyoke 2007) 

Federal Environment Protection Agency Act of 1988 (FEPA ACT) 

Environmental Impact Assessment Act in 1992 (EIA ACT) 

Harmful Waste (Special Criminal Provisions) Act of 1988 

Us Environmental Protection Agency National Ambient Air Quality Standards 

(NAAPQS). 

EPA sets NAAQS for six principal pollutants known as criteria pollutants measured in 

parts per million (ppm), parts per billion (ppb) and micrograms per cubic metre (𝜇g/m3). 

Table 1.1 USA, EPA National Ambient Air Quality Standard 

Pollutant Primary/Secondary Average Level Form 
CO Primary 8 Hours 

1 Hour 

9 ppm Not to be exceeded 

More than once per year 

Lead Primary/Secondary Rolling 3 

Months 

Average 

0.15 𝜇g/m3 Not to be exceeded 

Nitrogen Dioxide Primary 

Primary/Secondary 

I hour 100 ppb 

53 ppb 

 

Ozone Primary/Secondary 8 hours 0.075 ppm  

Particulate Matter 

PM2.5 

Primary 

Secondary 

Annual 

Annual 
12 𝜇g/m3 

15  𝜇g/m3 

 

PM10 Primary& Secondary 24 Hours   

Sulphur Dioxide Primary 

Secondary 

1 hour 

3hours 

75 ppb 

0.5 ppm 

 

Source: US EPA NAAQ 

Note: Primary Standards provides public health protection, including protecting the health 

of sensitive populations, (asthmatics, children, elderly). 
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Secondary Standard Provides Public welfare protection such as decreased visibility and 

damage to annual vegetation, infrastructures. Octane is a hydrocarbon and an alkane with 

a condensed structural formula CH3(CH2)6CH3 and has lots of structural Isomers which 

differ by the amount and location of branches in carbon chain. Engine knocking tendency 

is determined by the Octane rating of the Petrol in use. 

Octane rating is a measure of ignition quality of petrol and denotes the percentage by 

volume of Iso-octane (a type of octane) in a combustible mixture (containing Iso-octane 

and normal heptanes). Basically the Octane rating of Petrol is the percentage of 2,2,4 

trimethylpentane in a mixture with heptanes. Branched-chain alkanes tend to resist pre-

ignition better than alkanes with unbranched chains. National Policy on biofuels in India 

recommends a compulsory blend of more than 10% from 2017 which will be known as 

GREEN PETROL. “The short term target is 5% blend by 2012, 10% blend by 2017 and 

hope for 10% -30% blend beyond 2017”(Society of Indian Automobile Manufacturers 

Director). The US Renewable fuels standard has set an annual goal of 36 billion gallons 

of renewable fuel production by 2022 with 16 billion gallons from advanced fuel sources 

such as cellulosic ethanol. 

1.2     Scope of   Study  

This work comprises four cardinal stages namely 

I. Acquiring of undoped/unleaded petrol from Port Harcourt Refining Company  

Rivers State.  

II. Extraction and characterization of alcohol obtained from various edible and non-

edible feed stocks . 

III. Determination of standing properties of unleaded sample of petrol when blended 

with various stocks of alcohols. 
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IV. Evaluation of engine performance parameters of various blends of doped petrol with 

alcohol and leaded petrol as baseline. 

1.3    Statement of the Problem  

All over Nigeria, the norm is to use TEL as doping substance in Petrol as an anti-knock 

additive. The poisonous nature of lead oxide which is a product of combustion of petrol 

doped with TEL is so complex that every effort is geared towards eliminating the 

avoidable sources of this poison substance. 

Little wander criminality in Nigerian is on the rise which can be presumed to be one of 

the consequences of exposure to lead. The expensive, toxic and inadequate nature of TEL 

as an octane booster/raiser favours alcohol which is an alternative octane raiser. 

Furthermore alcohol is already known as a widely available inexpensive, low toxic 

alternative octane booster. The challenging global warming and climate changes with 

Lead poisoning linked to leaded petrol will favour the wide acceptance of blends of petrol 

and alcohol since the blends will give an alternative effect of lead and promote what is 

known as Green Petrol. 

Anti-Knock additives of any source in petrol allow high compression ratio which allow 

extraction of more mechanical energy from a given mass of air/fuel mixture due to its 

higher thermal efficiency. High compression ratio allows the same temperature of 

combustion to be attained with less fuel and longer expansion work. Alcohol generally is 

grouped as primary (Ethyl Alcohol-Ethanol), secondary (Isopropanol) and Tertiary (Tet 

Amyl Alcohol) (Odesina 2003). This give a wide choice of alcohol with a view of 

obtaining a better doped Petrol of high octane rating. The antiknock substance currently 

in use has shown to be unfriendly to our environment and mechanical components. 

Frequent changes of engine parts, threat to human life and environment justify the work. 
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1.4  Aim and  Objectives 

The aim of this work is to evaluate the performance of petrol doped with alcohol as 

antiknock agent on spark ignition engine. 

The objectives are 

i. To perform an evaluation of unleaded petrol doped with alcohol as antiknock 

agent on spark ignition engine. 

ii. To determine the blend ratio that will give optimum Engine Performance. 

iii. To re-awaken the consciousness of strict regulation against the use of poisonous 

anti-knock petrol additives in Nigeria. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1    Brief History of Tetra Ethly Lead (TEL)   

Generally, a blend is a mixture of two or more different substances. A young Engineer at 

General Motors by name Thomas Midgeley Jr.  (May 1889-Nov 1944) discovered that 

when TEL is added to petrol, there is an absence of unpleasant noise known as engine 

knock or pinging in engines when they run. Many people patronized GM cars noticed a 

problem of an alarming racket, banging and clattering as though their metal parts were 

loose under the hood. 

Kettering and Midgeley eventually found out that ordinary petrol was much explosive in 

S.I Engines which with further analysis shows that the petrol octane number (measure of 

its resistance to knock) was too low. To raise this fuel octane number, Midgeley mixed 

the petrol with lots of anything that comes his way that could think of ranging from melted 

butter, camphor, ethyl acetate, aluminum Chloride. But none showed an improved effect 

on the octane rating of the petrol. He eventually found out the possible octane improvers 

such as TEL, Iodine, and Ethyl alcohol. But in corporate point of view, lead was seen as 

the best among equals. In Feb 1923, a dayton Filling station sold the first tank full of 

leaded petrol but Midgeley did not witness the sale of the leaded petrol due to severe lead 

poisoning which made him to be on bed and two of his unluckier colleagues died of lead 

poisoning (GM Engineers, 2012). After  a year of work on organic lead, he said in 1923,”I 

found out that my lungs have been affected and is necessary to drop all work and get a 

large supply of fresh air” ( Kovarik and Kettering,  1921). 

Basically, alcohol is volatile, flammable liquid which is the intoxicating constituent of 

wine, beer, and spirits and also used as an industrial solvent and fuel. Also alcohol is an 

organic compound in which the hydroxyl group is bound to the carbon atom. The hydroxy 
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group in alcohol makes alcohol molecule to be polar in nature. The word alcohol is from 

Arabic, where AL- is the Arabic definitive article equivalent to “the” in English. In organic 

chemistry, compounds composed of Carbon and hydrogen are grouped into two classes 

namely Aromatic and Aliphatic compounds. Furthermore Aliphatic could be saturated or 

unsaturated. The two aliphatic known alcohols are Methanol and Ethanol. They can be 

synthesized chemically or biologically. 

2.2   Methanol  

Pure Methanol was first isolated in 1661 by Robert Boyle, which was produced via 

distillation of box wood. In 1834, the French Chemists Jean-Baptiste Dumas and Eugene 

Peligot determined it’s elemental composition. The original nomenclature was methyl 

alcohol and was shortened to “Methanol” in 1892 by the International Conference of 

Chemical Nomenclature. 

Methanol is one of the most heavily traded chemical commodities in the world, with an 

estimated global demand of around 27 to 29 million metric tons. The main applications 

for methanol are production of formaldetydre used in construction and wood boarding, 

acetic acid, fuel component and replacement for the very volatile diethyl ether and in the 

formation of methylesters in the production of biodiesel. In China demand is viewed to 

grow exponentially not only caused by a growing internal market but accelerated by new 

application in direct blending with gasoline. 

Methanol can be produced from different means ranging from 

1. Destructive Distillation (Pyrolysis) of Wood 

2. Gasification of Organic Materials to Synthesis gas followed by conventional 

methanol synthesis 

3. Carbon Recycling 
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2.2.1 Destructive Distillation (Pyrolysis) 

Pyrolysis is a thermo chemical decomposition of organic material at elevated temperature 

without the presence of oxidizers like oxygen ( Dubey 2004). 

It is a Greek derived word base meaning Pyro “Fire” and “Lysis” “Separating”. It is one 

of the processes involved at 200-3000C and it is extensively used in chemical industry to 

produce Methanol and other allied chemicals from wood. Pyrolysis differs from other high 

temperature decomposition processes like combustion and hydrolysis because it does not 

involve reaction with oxygen. Though in practice, a trace amount is involved. Pyrolysis is 

the basis of many methods developed for fuel production from biomass. This includes 

crops and biological waste products. Crops and plants give biomass feed stock on the basis 

of their lignocelluloses parts. 

2.2.2 Gasification of Organic Material 

This is a process that converts organic base carbonaceous materials into carbon monoxide, 

hydrogen and carbon dioxide. The material is reacted at a temperature higher than 700oC 

without combustion and a controlled amount of oxygen. This action results to a gas 

mixture known as syngas or producer gas. 

Syngas can be used to produce methanol via Fischer-Tropsch process. Fischer-Tropsch is 

a collection of chemical reactions that converts a mixture of carbon-monoxide and 

hydrogen into liquid hydrocarbons. This process was first developed by Franz Fischer and 

Hans Tropsch at the Kaiser-Wilhelm InstitufurKohlen for schung in Muitieim Germany 

in 1925 (Schulz 1993). It is otherwise known as GTL (Gas to Liquid). Fischer-Tropsch 

plants that use methane as Feedstock, need an important reaction known as steam 

reforming which will convert the methane into CO and H2 which is then converted to 

liquid hydrocarbon (methanol). 
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Table 2.2 Standard Methanol Octane Number   (Rogers, et. al 1981) 

Methanol Research Octane Number Motor Octane Number AntiKnock Index 

108.7 88.6 98.65 

 

2.3   Ethanol Fuel 

Ethanol Fuel also known as ethyl alcohol is a volatile, flammable colourless liquid with a 

structural formula of C2H5OH. Most often it is referred to as “Spirits”. The earliest known 

scientific identification of ethanol was from the Persian Polymath, Rhazes in the 9 th 

Century. In 1796, German-Russian Chemist Johann Jobias Lowitz obtained pure ethanol 

by mixing partially purified ethanol with an excess of anhydrous alkali, distilling it over 

low heat. French Chemist Antoine Lavoisier described ethanol as a compound made up of 

carbon, hydrogen and oxygen. 

In 1807 Nicolas-Theodore Desaussure determined ethanol’s chemical formula while in 

1825 Michael Faraday prepared the first synthetic ethanol. Ethanol is slightly more 

refractive than water with refractive index of 1.362 at 29oC and 190C. Ethanol-water 

solution containing 40% alcohol by volume will tend to ignite if heated at about 25OC in 

an ignition source. Some flash points of ethanol concentration (NRC 1981) are given in 

table 2.3. 
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Table 2.3    Flash Point of Ethanol Concentrations 

ALCOHOL BY VOLUME FLASH POINT 

10% 49OC 

20% 36OC 

30% 29OC 

40% 26OC 

50% 24OC 

60% 22OC 

70% 21OC 

80% 20OC 

90% 17OC 

96% 17OC 

Source: Appendix B, 2005 Transportation Energy Data Book 

Table 2.4 Energy Content of Some Fuels Compared with Ethanol 

Fuel Type MJ/L MJ/Kg RON 

Dry Wood (20% Moisture) --- 18.9 ---- 

Methanol 17.9 19.9 108.7 

Ethanol 21.2 26.8 108.6 

Blend (85% Ethanol, 15% 

Petrol) 

25.2 33.2 105 

LNG 25.3 54.5  

LPG (60% Propane + 40% 

Butane) 

26.8 50  

Aviation Petrol 33.5 47.1 100/130/lean/rich 

Gasohol (90% Petrol + 10% 

Ethanol) 

33.7 47.1 93/94 

Diesel 38.6 45.4 25 

Charcoal 50 23 ---- 

Source : Appendix B,  2005 Transportation Energy Data Book 

John et al 2007 “Ethanol Fuel reduces dependence on foreign sources of oil and is an 

import weapon in the war on terror and countries will strengthen their energy security and 

create new jobs by investing in ethanol production”. In 2011, the US Environmental 

Protection Agency (EPA) authorized the use of E85 as an alternative motor fuel via its 

Energy Policy Act of 1992. (com 1) Global Renewable Fuel Alliance (GRFR) forecast 
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ethanol fuel production to hit 85 billion liters (22.45 billion gallons) in 2013 and will 

reduce green house gases emissions by 100 million metric tons. This 100 million metric 

ton green house gases emission reduction equals removing over 20 million cars of the 

road. Figures 2.1-2.4 showed ethanol production quantities in few countries around the 

world.  

 

Figure  2.1  2013 World Ethanol Fuel Production  Source: RFA            Figure  2.3  2011 World Ethanol Fuel Production  Source: RFA 

 

 

Figure  2.2  2012  World Ethanol Fuel Production  Source: RFA      Figure  2.4 2010 World Ethanol Fuel Production  Source:  RFA 
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2.4 Official Gazette of the Nigeria Bio-Energy Policy and Incentives 

Pursuant to August 2005 Nigeria Government directive on automotive biomass 

programme in Nigeria, NNPC was mandated to create an environment for the take-off of 

a domestic ethanol fuel industry aimed at. 

Reduction of the nation’s dependence on imported petrol. 

Reduction in environmental pollution and 

Creation of  a viable industry to precipitate sustainable domestic jobs. 

Other benefits of alcohol policies include 

i. Additional tax revenue for the government 

ii. Job creation 

iii. Agriculture Activities Explosion 

iv. Energy Benefit-Cogeneration benefit 

v. Environmental Gains-via reduction in tailpipe emission reduction. 

The official gazette of the Nigeria bio-energy policy and incentives made in Abuja on 24th 

July 2007 by Engr. O.A. Anyaoku (GGM RED) NNPC opined that Petrol at a blend of 

10% ratio with alcohol fuel, about 1.3 billion litres would be required for the country. This 

is estimated to increase to about 2 billion litres by 2020 and the market demand will be 

about 900 million litres by 2020. The bio-energy programme in Nigeria aspires to achieve 

100% domestic production of alcohol fuel use in the country by 2020. From 2007 to 2008, 

the share of ethanol in global gasoline use increased from 3.7% to 5.4% (Kitman, 2000). 

In 2011 worldwide ethanol fuel production reached 84.6 billion litres. Ethanol fuel is 

widely used in Brazil and United States which both countries were responsible for 87.1% 

of the world’s ethanol fuel production in 2011. Ethanol fuel has a “gasoline gallon 

equivalent” (GGE) value of 5.7 litres, meaning 5.7 litres of ethanol produce the energy of 

one gallon of petrol. It is important to keep in mind that not all yeasts produce ethanol and 
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those that do produce it only under restrictive (anaerobic) conditions. Fruits in the 

temperate zone are typically removed by frugivorous vertebrates before they become 

damaged or show signs of rots (Tordano, 2000; Mccarty et al 2002). 

Ethanol as a fuel component burns cleanly and increases the octane level of gas. The 

amount of energy needed to produce ethanol fuel today is 50% less than what was required 

in the late 1970’s (Bthast and Shlicher, 2005). Presently in the US, most ethanol plants are 

located in the Midwest region and the renewable fuel association list 134 ethanol plants in 

current production, 77 under construction and in all with a production capacity of  2.73 

billion litres per year. The IOWA Corn Production Board announced that in IOWA there 

are currently four Wet Mills and twenty seven dry mills in production and eleven mills are 

under construction. In 2007, IOWA produced a record 2000mgy using 740 million bushels 

of corn. Approximately 9.5 litres of ethanol can be produced from 25.4kg cone bushel of 

corn via the wet milling process. Lim (2006) argues that the production of ethanol from 

corn is a mature technology that is not likely to see significant reduction in production 

costs. In the early 1990’s in Nigeria, only about 700 tonnes of cassava starch was produced 

per year because it was perceived to be of low quality by Nigerian industries. In the mid 

1990’s, cassava starch, only accounted for 5 percent of the 17,000 tonnes of starch used 

each year as industrial raw materials (RMRDC, 1996). Highina et al (2007), opined that 

Alcohol as a biofuel contains oxygen which yields lower exhaust emission as well as 

reduces harmful pollutants quantity. The alcohol to be blended with petrol needs to be free 

of water so as to avoid a phase separation between Petrol and the alcohol. Figures 2.7 and 

2.8 shows different possible production flow chart of ethanol and bye products associated 

with ethanol production. 

  



15 
 

ETHANOL PRODUCTION FLOW CHART 
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Figure 2.7: Ethanol Plan Production from Corn 
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ETHANOL PRODUCTION FLOW CHART 
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Figure 2.8 Ethanol Production Flow Chart 

Source: Michigan State University 

 

Historically, many scholars asserted that starchy crops deplete the soil. (Hendershott et al 

1993) reported that cassava is well known not only for producing large quantities of 

carbohydrates but also for exhausting the soil. Biomass can be converted to more valuable 

energy forms through processes such as biological, thermal and physical processes. A 

schematic of various conversion methods and major products obtained from Biomass is 

given in figure 2.9. 
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Figure 2.9 Schematic of Various Conversion Methods and Major Products from Biomass 

The cellulosic ethanol can be obtained from agricultural and forest waste as well as 

dedicated energy crops which can be grown and harvested with minimal energy 

consumption leading to zero overall net emissions (Lave et al 2000, 2001). 
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Table 2.5 

Average Yield of 99.5% Alcohol per  tonne 

Material Litres Material Litres 

Wheat 382.5 Rye 354.6 

Corn 378 Prume Dry 324 

Buck Wheat 375.3 Mollasses 316.8 

Raisins 366.3 Sorghum Cane 316.8 

Grains Sorghum 357.8 Oats 286.2 

Rice Rough 357.8 Fig Dry 265.5 

Barley 356.4 Sweet Potatoes 153.9 

Yam 122.9   

Potatoes 103.05   

Sugar Beets 99.45   

Fig Fresh 94.5   

Sugarcane 68.4   

Pinapples 70.2   

Grapes 67.95   

Apples 64.8   

Apricots 61.2   

Pears 51.75   

Plum 49.05   

Carrots 44.1   

Source: Jacob et al (1992) 

Table2.6 Properties of Alcohols compared to Petrol 

Properties Methanol Ethanol Butanol Petrol 

Energy Density 16 21.2 29.2 32.5 

Air/Fuel Ratio 6.5 9 11.2 14.6 

AV Research Octane No. 136 129 96 91-99 

Heat of Vapourization 1.2 0.92 0.43 0.36 

Flash Point (oC) 79 13 35 ≤-40 

Source : IEA (2004) 

Jacob et.al  (1992) presented list of  different alcohol material sources as shown in table 

2.5.  It showed wheat to have 382.5 litres as the highest in the list while carrot gave lowest 

quantity of 44.1 litres. Similarly international energy agency published various properties 

of different alcohols and petrol which indicated a higher energy density, low octane 
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number associated with petrol. Butanol and ethanol showed appreciable low energy 

density and high octane number.  

Ideally butanol is the most suitable and can mix with Petrol without much issue. Blend of 

Butanol and Petrol offers better fuel utilization efficiency of engines, increase running 

time per unit consumed petrol. It is less evaporative which makes it safer and less 

aggressive than ethanol which makes it transportable with current pipe facilities. However, 

there are major setbacks which make ethanol more preferably to butanol with its good 

properties. Butanol has a high flash print (35oC), Low RON (96), high viscosity; it emits 

a foul odour, and has a lower biodegradation rate than ethanol. 

2.5   Petrol Additives 

Petrol additives are compounds formulated and fused into the petrol to enhance the quality 

and combustion efficiency. It is blended with the petrol and may be sold separately or 

obtained for the improvement of fuel quality. Fuel Duty (Business link 2011) “defines 

petrol additives as any liquid that is added into the petrol supply system”. Petrol additives 

increase octane rating, act as corrosion inhibitor and lubricant, thus permitting the use of 

higher compression ratio for greater efficiency. The exact additives that will go into any 

gasoline line are usually carefully chosen to meet a particular desire. There is an increasing 

recognition of injector deposit formation in injection equipment as technologies advance 

to meet increasing stringent emission legislation and petrol economy requirements. 

 

Corrosion Inhibitor 

This is a chemical compound that decreases the corrosion rate of a material (a metal or 

alloy) when in contact with a liquid or gas. The ability of such compound to decrease the 

rate of corrosion depends on fluid composition, amount of water vapour and the flow 
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regime of such a liquid. This usually forms a passive layer that prevents access of the 

corrosive substance to the solid surface. Corrosive agents are oxygen, hydrogen sulphide, 

and carbon dioxide. Reductive inhibitors such as amines and hydrazines (N2H4), react with 

oxygen which is a corrosive agent to yield water. 

O2 + N2H4   2H2O + N2                                                                 (2.1) 

Corrosion inhibitors are generally classified into two namely 

Reductive Inhibitor             Amine, Hydrazines 

Antioxidant              Sulphide, Ascorbic Acid, 

Metal Deactivator (MDA) 

MDA are petrol additives that stabilizes the petrol by deactivating the metal ions which 

are usually introduced via the action of natural occurring acidic component in the petrol. 

This is usually relevant to protect the petrol flow lines materials and containers. The 

addition of metal deactivator counteracts the process of petrol reaction with polymers and 

enhances stability of polymers in contact with petrol. 

MDA reacts with dissolved metals to prevent them from degrading the petrol. Metal 

deactivator additives counteract the catalytic activity of these dissolved metals by 

sequestering. 

Dyes 

A dye is coloured substance that has an affinity to the substrate to which it is being applied. 

Petrol dyes are dyes added to petrol. The essence of dye in petrol basically is for 

identification as related to octane rating. In some countries it is required of law to dye a 

low taxed fuel to deter its use in place of higher-taxed ones.Untaxed petrol products are 

referred to dyed, while taxed ones are known as undyed or white petrol. The dyes used 

must be soluble in the petrol. After August 2012, European countries were obliged to add 
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about 6mg/L of solvent yellow 124. The U.S Environmental Protection Agency mandated 

the use of a red dye to identify high sulphur fuels for off-road use. Table 2.7 contains fuel 

dyes codes of some countries in the world with the particular dye associated with each 

fuel. 

Table  2. 7  Fuel Dyes of Some Countries (API 2000) 

Country Fuel Dye 

Australia Regular Unlead Petrol Purple/Bronze (change to 

Red/Orange in 2013) 

Austria Heating Oil Any Red dye and Solvent 

Yellow 124 

Canada Off Red Fuel (Agriculture, Construction  

Heating Oil 

Red/Purple dye 

Finland Fuel for Const. and Agric. Marine Fuel Furfural and Solvent Yellow 

124. 

Thailand Petrol  95 Yellow Dye 

 Petrol  91 Red Dye 

Netherlands Agricultural Petrol Any Green Dye 

Source : Black Market Britain- BBC News 2004 

Petrol Dyeing significantly harmonized petrol taxing, identification, applications and 

reduced petrol laundering. In 2004, Northern Irish Police discovered an illegal facility 

capable of removing the dye in 12 million litres of petrol per year (Black Market Britain- 

BBC News 2004) 
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Detergents 

The basic function of detergents in petrol as additives is the cleaning action in petrol 

engine components. In 1980’s automakers curiously concerned about constant injector 

clogging. It was notice that detergent cleansing action was helpful and to some extent 

reduced the incidents of injector clugging (Sativa, 2005). In 1995 U.S EPA introduced a 

minimum petrol detergent standard. Top tier detergent petrol is a performance 

specification and trade mark designed by several automakers. The top tier must maintain 

levels of detergent additives which will result in a higher standard of engine cleanliness 

and performance. Examples of detergents are alkylamines and alkyphosphates at levels of 

50-100  ppm. 

Purpose of detergent use in petrol is to prevent the accumulation of engine gunk. 

Automatic Journalist Craig Cole said “Petrol is an impure substance refined from a very 

impure base stock known as crude oil. Engine gunk builds up in Petrol lines and intake 

values leading to reduce petrol efficiency, acceleration, power loss, rough idling increase 

engine repairs (Sativa 2005, Kerr 2008). Remains of sulphur compound left in pipelines 

such as mercaptans and H2S can contaminate the fuel sending units which can yield to 

erratic dashboard gauge system. But the use of Petrol with detergent additives can prevent 

sucker. Detergents do not alter the octane Number. 

Antifreeze 

This is a chemical additive which lowers the freezing point of petrol. Antifreeze mixtures 

are freezing point depressants for regions with polar climates. The prime essence of 

antifreeze additive in Petrol is to prevent an enclosure containing fluid (petrol) from 

undergoing a problematic deformation via cracking or bursting as a result of the petrol 

change of phase from liquid to solid. Such change can obstruct flow of petrol along the 

fuel lines. 
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Ethylene Glycol and Propylene Glycol are examples of antifreeze with desirable 

properties such as high boiling point, low freezing point, stability at a wide temperature 

range with a high specific heat and thermal conductivity. US EPA defined antifreeze as a 

substance added to a solvent to lower its freezing point. 

Demulsifies 

Emulsifiers are basically additives used to separate emulsion. They hinder the 

emulsification of water with detergents additives in petrol. 

Antiknock (Knock Suppressant) 

Antiknock is additive added to petrol to reduce engine knocking tendency by increasing 

the petrol octane rating and raising the resistance ability; of the petrol to auto-ignite. The 

typical agents of antiknock are tetraethyl lead, Methylcycopentadienyl Manganese 

Tricarbonyl (MMT), Ferrocene, Iron Pentacarbonyl, toluene, isooctance plus the recent 

antiknocks agent such as alcohols (methanol, Ethanol, Butanol e.t.c). 

Ways of Measuring Octane Number of Petrol 

Octane number measurement methods are three in number. A practical means of 

measuring fuel’s resistance to knock is so crucial so as to determine the state of 

compression ratio suitable. The octane number of any petrol is bench marked on two 

hydrocarbons at both end of the scale. 
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Normal Heptene      Iso Octane 

C7H16           C8H18 

Blend of the reference scale defines the knock resistance of intermediate octane numbers. 

Hence a blend of 10% n-heptanes and 90% Isooctane by volume will have octane number 

of 90. The octane number of any Petrol or Petrol Blend is known by measuring the 

percentage of the Primary Components in the reference scale. However the octane number 

obtained is dependent on the conditions of the test which are known as Research Octane 

Number (RON) Method and Motor Octane Number (MON) Method. 

Research Octane Number (RON) measures anti-knock performance in a free engine with 

relatively mild operating condition. This method is slightly higher in value. Motor Octane 

Number (MON) measures anti-knock ability in an engine running under Load and 

relatively severe operating conditions. 

NOTE: Higher Octane Petrol burns slower than low octane petrol the slow burn, prevents 

engine knock at a high cylinder pressure. 

Petrol Sensitivity: The difference in Octane Number between the RON and MON is 

known as Petrol Sensitivity.  Fuel Sensitivity = RON – MON 

The average of RON and MON is very good anti-knock indicator known as Antiknock 

Index. Global Renewable Fuel Alliance (GRFR) forces ethanol fuel production to hit 85 

billion litres in 2013 and will reduce GHG emissions by 100 million  tonne. This 100 

million tonne GHG emission reduction is equal to removing over 20 million cars off the 

road. 
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Figure 2.10: Engine Test Rig Fuel Flow System 

 

Figure 2.10 showed the engine test rig fuel flow system comprising of blend tank platform, 

blend flow metering unit, engine, control switch flow line and the support base. Petrol 

Tank is generally made with press steel or plastic with rounded edges. It is normally coated 

with alloy (Lead Tin Alloy) which protects it against corrosion. When plastic are used, it 

is usually an expanded synthetic rubber compound or flame-resistant plastic. Holes are 

usually cut into the sides of the tank to connect the fuel gauge sensor unit, the supply and 

return pipes (Heinz 1999). The fuel system for S.I. Engines comprises a fuel tank, fuel 

gauge, fuel pump and filters (including particle and air filter) and a carburetor. 
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Figure 2.11: Layout of Fuel System (Heinz 1999) 

The Petrol gauge attached to the petrol tank indicates the petrol level in the tank. This is 

usually placed within the sight of the user or operator of the S.I. Engines. 

Gravity Petrol Feed System 

In a system of the gravity petrol feed system, the petrol is supplied to the carburetor with 

the help of gravitational force. The tank is usually located at the upper level higher than 

the carburetor level so as to enable the petrol flow by the action of gravity. This system 

does not require a feed pump. This system is shown in figure 2.12 
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H2

H1

 

Figure 2.12: Gravity Feed System ( Jain and Asthana  2006) 

Petrol Pressure = P  Head of petrol when at reserve  = H2 

Head of petrol when full = H1 

Specific Weight = W 

Hence  P1 = H1 x W                                                                            (2.2) 

P2 = H2 x W                                                                            (2.3) 

Since P1 = H1, it means that P1 is also greater than P2 (P1> P2). With this condition at H1, 

the float valve in the float chamber pushes down at a higher force leading more Petrol into 

the float chamber. The carburetor supplies richer mixture at full tank than when the tank 

is at reserve state. (Jain and Asthana 2006) 

i. Mechanical Operated Petrol Pump: This is operated by the movement of a 

mechanical component known as cam which moves a rocker arm that actuates 

the diaphragm. Petrol drops, when the diaphragm pressure is pulled down. 
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ii. Electricity Operated Petrol Pump: This is operated by electric current from a 

source. The source could be a battery or a generator. 

Air fuel Mixture 

Knowing that petrol used in S.I. engines comes from different oil fields and with varying 

methods of refining, the air fuel ratio should be a critical factor in engine operating 

conditions. Also the fact that percentage variation of oxygen in air differs from places and 

times, it is a known fact that 1 kg of petrol requires 15 kg of air to burn. This ratio of 

air/fuel is the chemically correct mixture and known as stoichiometric mixture. 

Consequently, if the petrol percentage is increased, it means a decrease in air percentage 

which makes the mixture fuel rich. If the petrol percentage is decreased, air percentage 

will increase giving a lean or weak mixture. Petrol is naturally occurring yellow to black 

liquid found in geological formation lower the earth’s surface. The name petroleum 

comprises both naturally occurring unprocessed crude oil and petroleum products made 

from crude oil. It consists of hydrocarbons of various molecular weights and other organic 

compound liquids. Etymologically, the word petroleum comes from Greek word petra 

meaning rocks and elion meaning oil. The terms where combined to form petroleum. It 

was first used in the treatise De NaturaFossilium published in 1546 by the German 

Mineralogist Georg Bauer. (Longmuir, 2009) Under surface pressure and temperature, 

lighter hydrocarbons such as methane, ethane, propane and butane occur in gaseous forms 

while the heavier ones occur in liquid or solid forms. In hydrocarbon extraction, there are 

two wells involved namely 

Oil Well – Produces predominantly Crude Oil 

Gas Well – Produces predominantly Natural Gas 
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Table 2.8   Percentage Composition of Elements in Crude Oil by Weight 

Element Percentage Range 

Carbon (83 – 85)% 

Hydrogen (10 – 14)% 

Nitrogen (0.1 – 2)% 

Oxygen (0.05 – 1.5)% 

Sulphur (0.05 – 6.0)% 

Metals <0.1% 

Source: API   1980 

Petroleum is a mixture of a very large number of different hydrocarbon molecules. Table 

2.8 showed the percentage composition of elements in crude oil by weight. This shows 

that about 80 and above percentage of crude oil is made carbon, followed by hydrogen.   

The  hydrocarbon molecules could be 

1. Alkane (Parafins) 

2. Cycloalkane (Naphthene) 

3. Aromatic Hydrocarbon 

4. Asphaltene 

Alkanes are saturated HC with straight or branched chains HC with a general formula as 

CnH2n+2. Alkanes from Pentane C5H22 to C8H18 are refined to Petrol while from Nonane 

C9H20 to hexadecane C16H34 are refined to obtain diesel, kerosene and jet fuel. Alkanes 

with more than 16 carbon atoms are refined into fuel oil and lubricating oil. 
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Table 2.9   Ranges of Hydrocarbons Yield 

C1H4  - C4H10 Gases at Room Temperature 

C5H12 – C8H18 Petrol 

C9H20 – C16H34 Diesel, Kerosene and Jet Fuel 

C17H36 – Above Fuel Oil and Lubricate Oil 

Source: API 1980 

Cycloalkanes are hydrogen compounds that have one or more rings of carbon atoms it 

consist of only carbon and hydrogen atoms and are saturated due to no multiple C-C bonds 

to hydrogenate. The chemical formula is CnH2(n+1-g) 

n = Number of carbon atoms   and      g = Number of rings in the molecules. 

Aromatic Hydrocarbon is a hydrocarbon with alternating double and single bonds between 

carbon atoms forming rings.Petroleum is a fossil fuel derived from ancient fossilized 

organic substances such as plankton, algae and dead biodegradable substances. Many of 

these organic substances settle to sea or lake bottom mixing with sediments and buried 

decomposing layer reaches somewhere around 10,000 ft, the natural heat and the intense 

pressure will continue to act upon the mass. Table 2.9 above showed the carbon 

composition range of hydrocarbons yield and suggests the higher the carbon composition 

the higher the yield viscosity. The organic matter first changes into wax material under 

process known as kerogen. This karogen are broken down into hydrocarbon through a 

process known as catagenesis. Geologist calls the temperature range in which oil forms as 

an “Oil Window”. 

Classification of Petroleum 

Petroleum are Classified According to 
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1. Geographical Location 

i. West Texas Intermediate (WTI) – Is a grade of crude oil use as a benchmark for 

oil pricing. 

ii. Brent - Is a grade of crude oil obtained from Brent oil field located in the east 

Shetland Basin 186Km North-East of Lerwick Shetland Scotland at a water 

depth of 140m. 

iii. Oman 

2. API Gravity– American Petroleum Institute gravity is a measure of how light or 

heavy petroleum liquid compared with water. 

API Gravity = {(141.5)/RD} - 131.5 

 

i. Light Petroleum: This is defined by API as having API gravity higher than 

31.1o API which is less than 870kg/m3 

ii. Medium Petroleum: This is defined by API as having API gravity between 

22.3o API and 31.1OAPI (870 - 920kg/m3) 

iii. Heavy Petroleum: This is defined by API as having API gravity below 22.3o 

API (920 – 1000kg/m3) 

3. Sulphur Content 

i. Sweet: This is a petroleum with little sulphur content 

ii. Sour: This is a petroleum with substantial amount of sulphur 

Petrol Qualities 

Petrol obtained from different sources varies in appearance, content and reaction. This is 

due to the varying qualities associated with the crude oil. There are major factors that 

affect the performance of any petrol in S.I. Engines. 
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i. Antiknock Quality: Power and Efficiency output of an S.I. Engines largely 

depend on compression ratio and knock. The higher the compression ratio, the 

greater power output of the engine also the lower the knock ability of the petrol 

the less the power losses. 

ii. Volatility: Volatility is the ability of any petrol to change from a liquid state to 

vapour state. Level of volatility of petrol affects the starting and warm up pattern. 

A low tendency vapourize petrol will lead to hard starting, stumbling during 

warm up, and a high volatile vapour bubbles in the petrol line at hot weather. 

iii. Temperature 

iv. Altitude: At high attitudes rate of volatility increased and usually controlled by 

blending. 

v. Carburetor Icing and Crankcase Oil Dilution 

vi. Drivability 

vii. Sulphur Content:  The higher the sulphur content of any petrol the high the 

corresponding amount of corrosion in the engine and exhaust system. The source 

of corrosion is usually as a result of reaction of sulphur dioxide formed in 

combustion and water deposit, which forms a highly corrosive and acidic agent. 

viii. Petrol additives used for Deposit Control 

2.5.1   Common Sources of Petrol Performance Problem 

Elements of the environment steadily impact the performance of petrol engine. The effects 

of water, cold temperature, heat, air, lights, and external contaminant usually produce 

varieties of problems on the engine and user. 

Water: Water is one of the most abundant and special substance on earth. It  covers about 

70% of the earth surface. The hydrogen bonding and its unique polarity makes it special. 

Water in Petrol can cause corrosion of metal fuel system components, emulsification with 
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fuel performance additives and ice formation. The ferrous metal petrol system is enhanced 

further by Acid Carryover from Petrol Processing; products of microbial growth sea 

water/salt water contamination. The solvent ability of water makes the total dissolved solid 

(TDS) increase with increase in conductivity of water and table 2.10 showed that total 

dissolved solid increase with conductivity 

Table 2.10   Conductivity and Total Dissolved Solid 

Conductivity (PS) TDS (Mg/L) 

1 0.5 

25 13.4 

50 27.4 

100 56.3 

500 303 

1000 630 

Source: Kim . Peyton Fuel Field Manual 

Heat: Application of heat effects some changes in Petrol as the temperature of air 

increases, the density decreases. This results in the reduction of the amount of oxygen 

available in volume to aid combustion. Heat increased reaction rates and enhances 

demulsification. 

Cold Temperature Conditions: Cold petrol is a critical source of problem as it may gel, 

contract, become cloudy or hazy, increase viscosity, precipitates wax, become less 

volatile, causes pumping problem. Bioethanol is in its traditional sense from a vegetation 

mostly woody plants but also sun-dried grasses and by further extrapolating up the food 

chain, animal manure. Even in the early twenty-first century, traditional biomass still 
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accounts for 7% of the total global energy demand amounting to 765,000,000 tonnes of 

oil equivalents in 2002. 

Ethanol Production falls under Biomass Conversion 

Composition of Biomass 

Plant Cells Constitute of 6 major components 

i. Cellulose 

ii.     Hemicellulose 

iii. Lignin 

iv. Water Soluble Sugars, amino acid and aliphatic acide 

v. Esther and Alcohol soluble (e.g. Fats, Oil etc). 

vi. Protein 

Table 2.11 Compositions of some cells 

Sources of Biomass Cellulose Hemicellulose Lignin Protein N x 

6.25 

Birch Angiosperm 44.9 32.7 19.3 0.5 

Spruce Gymnosperm 46.1 24.6 26.3 0.2 

Crop Residues 30-45 16-27 3-13 3.6-7.2 

Wood Residues 45-56 20-25 18-30 ---- 

(Source: IEA 2004) 

Cellulose bears the major portion of plant cell wall. Glucose is the principal unit. The 

formation of cellulose is so complex. One molecule of water is removed to yield 

anhydrous glucose. The anhydrous glucose unit is linked end to end with B-1,4 Linkage 

to form the long chain polymer of cellulose (C6H10OS)n 
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C6H12O6   H2O   C6H10O5  + H20                          (2.4) 

Water   Anhydrous Glucose 

Hemi cellulose : Hemicellulose is made up by sugar Xylans glucose, hexoses and 

Pentrose. This varies from plant to plant. Degree of polymerization to yield hemicellulose 

does not pass 50. 

Biomass Conversion 

Energy Production from biomass can be done basically in two ways 

1. Non-Biological Process 

Direct Combustion: This involves burning biomass feed stock directly. 

Ghosh and Bisaria (1981) put it that municipal, agricultural and light industrial 

wastes are used for conversion into fuels. 

      Pyrolysis 

     Gasification 

Liquefaction 

2. Biological Process 

Bioconversion involves the conversion of organic matters into energy, fertilizer, 

food and chemicals via biological agency. 

Micro-organism places a critical role in the process and are known as biological 

agents. Biological Conversion Process involves the following: 

i. Enzymatic Digestion: This process converts the cellulosic and Lignocellulosic 

materials into alcohols, acids and animal feeds by the use of microbial enzymes. 

This is usually achieved through the following. 
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      Degradation of Cellulose 

      Degradation of Hemicellulose 

ii. Anaerobic Digestion: This is a partial conversion by micro-organism of organic 

subtracts into gases in the absence of air. Basically, it is used to produce biogas. 

It is usually done in three stages namely 

Solubilization (Conversion of complex subtracts by enzymes into simple ones). 

Fermentation and 

Methanogenesis 

iii. Aerobic Digestion: Aerobic Digestion involves the conversion of organic 

substrates by micro-organism into utilizable forms in the presence of air. 

In cost Rica, 240,000 litre per day distillery to produce alcohol from sugarcane 

has be installed and is expected to replace 15% of Costa Rica Petrol. 

Brazil imported more than 80% of its petroleum in 1979. This prompted the 

country to dive into ambitious alcohol program. 

2.5.2   Ethanol Production 

Ethanol is produced basically in two ways namely synthetic and fermentative Methods. 

But for this research work, the Fermentative Method was used and greater emphasis will 

be laid. The raw materials for ethanol production may be cellulose base starch Base or 

sugar Containing Base. Every raw material for ethanol production follows similar steps 

Pretreatment 

This is the physical or chemical conversion of the feed stock to a hydrolysable substrate. 

Hydrolysis 

This is the enzymatic reaction that converts the starch or cellulose to sugars. 
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Yeast Fermentation 

This process involves the conversion of sugars to ethanol and carbon dioxide. 

Purification 

This is the separation process used to separate ethanol from the by-products and wastes. 

Nwufo et al (2014) opined that Bio-ethanol yield is highest after three days for palm wine 

and after four days for sugarcane juice and sap from raffia trunk. 

Wood chips are made available and adequate. This requires a chemical or physical 

pretreatment to achieve a reasonable rate and extent of hydrolysis. The prime reason of 

pretreatment is to reduce crystallinity. 

Increase available surface by maximum destruction of fiber structure and interaction 

between the cellulose molecule facilitates the purification process. We achieve this by 

dissolving cellulose in strong acid, reprecipitate and wash. Swelling of the cellulose and 

disruption of the crystalline structure could occur in two ways in chemical pretreatment, 

the water between the crystal units causes a reversible volume change of up to about 30%. 

Intracrystalline swelling. This involves penetration of the crystalline structure which leads 

to unlimited swelling. Chemical pretreatment includes alkali treatment which is used for 

improving the texture of cellulose textiles and sulphur dioxide treatment. This disrupts the 

lignin-cellulose bonds by treating moist wood with gaseous sulphur dioxide under 

pressure at 120OC for 2.5 hours. This increases digestibility to around 60%. 

 

Physical Pretreatment 

Irradiation, milling and simple heating have been used extensively to break down 

lignocellulose. Electron radiation and ball milling are so effective in increasing the rate of 
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hydrolysis and yield of sugar under dilute acid Saccharification conditions. This yielded 

high bulk density of cellulose with no wasting need. 

The current best pretreatments are: 

High Pressure and High Temperature Steam 

Dilute Alkali Treatment (Beckmann Process) – that is treating the material with 1% 

sodium hydroxide at 45oC for 3 hours. 

Concentrated Alkali Treatment: The straw is treated with 20 percent  NaOH. 

Saccharification of Cellulose 

Saccharification is the process by which the pretreated cellulose substrate is converted to 

a sugar solution. This process can be carried out chemically by dilute acid hydrolysis) or 

by enzyme hydrolysis. In Acid Hydrolysis, on cellulose materials, the yield of sugar 

depends on the relative rate of two reactions. 

Cellulosic Material    Sugar 

Sugar                Breakdown Products 

K1 and K2 are rates of reaction and are approximately equal. 

Enzymatic Hydrolysis 

Substrate Pretreated, is usually, neutralized to near PH 4.8 then mixed with enzymes at 

the required level. Current Research examines the processes of improving pretreatment 

for lignocellulose feedstock so as to enhance efficiency and reduce cost of hydrolysis to 

sugar (Dubey 2004). Among the Current Process are: 

 

K1 

K1 
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Purdue Process 

Tsaw  developed a unique process of hydrolyzing wood and crop residue. First, is to 

remove hemicellulose with dilute acid and dissolve the cellulose and lignin with 

concentrated sulphuric acid. Both are precipitated from the acid by addition of methanol. 

University of Pennsylvania – General Electric Process 

This process involves heating wood chips first in alkaline aqueous butanol to separate the 

hemicellulose, cellulose and lignin. The hemicellulose will dissolve in the aqueous phase, 

while the lignin dissolves in butanol and the cellulose remains undisolved. The cellulose 

can be washed and hydrolyzed to glucose ready for fermentation to ethanol. 

Natick Process (see figure 2.13) 

This process consists of five basic steps. 

Choose a cellulosic substrate source such as wood chips as raw material. 

Pretreat  the substrate to fasten its enzyme susceptibility. This could be done via ball 

milling or two-roll compression milling. 

Production of Active Cellulose 

Utilization of the Cellulose to Saccharify cellulose yields 5-15% glucose syrups in 

continuous hydrolysis. 

Fermentation of the glucose syrups to ethanol with yeast. 
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Raw Material Organism (s)

MutationPretreatment

Substrate

Fermentation

Saccharification

Enzymes

Glucose

Ethanol

Yeast Fermentation

 

 

Figure 2.13  Natick Process (Lim and Tanaka  2006 ) 

Degradation of Cellulose 

Degradation of Hemicelluloses 

Enzymatic Digestion: This process convert the cellulose 

By Product Recovery and Waste Treatment 

The Chief by-products associated with ethanol production are carbon dioxide, fuel oils 

and silage. 
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Carbon dioxide: Is a gas produced during the fermentation step which is usually 

channeled to the atmosphere. About 575 kg of carbon dioxide are produced for each 1000 

litres of ethanol (Rogers  et  al. 1981) 

Fusel Oils: Fusel Oils are higher boiling co-products of ethanol produced during 

fermentation which consists of 5-Carbon alcohols and glycerin and is recovered during 

distillation. About 4 litres of fusel oil are produced for each 1000 litres of ethanol. 

Silage: Silage is a liquid that remains after ethanol is distilled from the fermentation mix. 

It is produced about 10 times the volume of ethanol produced and bears about 10% solids. 

Table 2.12 showed comparison between feedstock and their  theoretical ethanol yield. 

Table 2.12 Ethanol Yield from Different Feedstock 

Feedstock Theoretical Ethanol Yield 

(Gal Per Dry Tonne of Feedstock) 

Corn 124.4 

Corn Stover 113.0 

Rice Straw 109.9 

Cotton Gin Trash 56.8 

Forest Thinnings 81.5 

Hardwood Sawdust 100.8 

Bagasse 111.5 

Mixed Paper 116.2 

Switchgrass 96.7 

Source: US Department of Energy Biomass Program 2013 

S.I. Ignition Combustion Process 

The combustion process in S.I. Engine was examined by the cylinder pressure on a piston 

stroke base diagram. (Heinz 1999), listed three phases of combustion in S.I. Engine, which 

are: 
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The Delay Period: This phase captures the time from when the high tension spark moves 

from the spark plug electrode to the time the generated flame starts to release heat energy 

of the burning fuel. 

Rapid Pressure Rise Period: This is the Second Phase which spans from the time 

between the initiation of the flame front and the start of the pressure rise to the point when 

the propagated flame front spreads across the cylinder walls. 

After Burning Period: When the flame front must have reached the Cylinder walls, about 

25% of the charge will still be unburnt. The Oxygen content at this stage becomes 

insufficient to sustain the combustion rapidly which in turn slows down the burning rate. 

S.I Engine Emissions Sources 

Vocabulary.com defined emission as something that is being released or emitted into the 

atmosphere which is usually undesirable to man and environment. Examples are engine 

exhaust and radiations.  

Technically, an emission is anything released into an open space such as greenhouse gases, 

power plant exhaust.  Emissions can be discharged into air, land and water as pollutants 

in form of gas, liquid, solid and thermal. S.I. Engines have three main sources from which 

pollutants are emitted into the atmosphere. They are: 

a) Crankcase System: Here fumes produced in combustion chamber leak out into the 

atmosphere via unsealed joints, worn out gaskets, piston ring blow by. 

b) Fuel System: The light molecular weight of Petrol in the system makes emissions 

of petrol certain due to evaporation in the carburetor and vents in Petrol tanks. 

Rajput (2007) opined that fuel system emissions account from 15-25% of total 

hydrocarbon emission from petrol. 
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c) Exhaust System: The products of complete and incomplete combustion are usually 

expelled via the tail pipe into the atmosphere. 

Possible Ways of Controlling S.I. Engine Emission 

It is not easy to totally stop emissions from S.I. Engines, but at same time it can equally 

be reduced to a bearable limit. The possible ways of controlling it are: 

i. Engine Design and Operating Parameter Modification 

ii. Post Treatment of Exhaust Gases from combustion 

iii. Fuel Modification 

Engine Design and Operating Parameter Modification: This is usually achieved by 

combustion chamber reconfiguration which means avoiding flame quenching zones which 

helps complete combustion, reducing squish area, lower space between piston rings and 

cylinder wall and so on. Also Modification of induction system, Adjusting of Ignition 

Timing Valve overlap reduction. 

Post Treatment of Exhaust Gases from Combustion 

The basic aim of this is to have a complete combustion so as to reduce emissions due to 

incomplete combustion. It can be achieved through use of: 

After Burner: This is a type of burner where oxygen is supplied to the exhaust gases to 

perfectly complete the combustion process with the help of ignition system. The emissions 

formed as a result of insufficient oxygen and time in the combustion chamber is allowed 

to burn in a separate device known as after-Burner which lowers emissions. 

Catalytic Converter: This is a device placed in the engine exhaust system to reduce HC 

and CO by oxidizing catalyst and NO by reducing catalyst. CO, HC and O2 from air are 
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catalytically converted to CO2 and H2O using Oxidation Catalytic reactions. Catalytically 

Converters can be of: 

i. Three-Way Catalytic Converter 

ii. Two-Way Catalytic Converter 

iii. Noble Metal Catalytic Converter 

Factors Affecting Engine Knock 

Compression Ratio- High Compression Ratio increases the cylinder pressure and 

temperature of end gases which in turn promote engine knock. 

Ignition Timing- Retarding ignition timing reduces the cylinder pressure and temperature 

of the end gases. Too retarded ignition timing leads to reduction in Efficiency, High heat 

loss, reduction in expansion work and poor fuel economy. In the same vein, advancing 

ignition timing increases cylinder temperature and pressure of end gases leading to engine 

knock and hard starting. 

Throttle Setting- Cylinder opening controls the pressure and temperature of the cylinder. 

Other Factors are- Mixture Strength, Poor Cooling System, Combustion Chamber 

Design and Engine Speed. 

2.6   Engine Knock 

Engine Knock is a metallic sound that occurs as a result of auto ignition of end gases 

which is the result of great rapid rise in pressure wave that hits the cylinder walls to 

generate this unpleasant metallic noise. These end gases once it reaches it auto ignition 

temperature, will auto ignite spontaneously leading to engine knock (Eastop and 

McConkey 2005) . 
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However the intensity of Engine Knock depends on amount of energy contained in the 

end gases. 

2.6.1 Most Common causes of Engine Knock 

Too Low Octane Rating - The octane rating of gasoline is sometimes known as the AKI-

-anti-knock index. Manufacturers recommend a certain rating to maintain optimum 

performance Engines. If one uses gas that has an AKI that is too low, such a person needs 

to bring it back to levels that will allow normal function. 

Carbon Deposits on Cylinder Walls. - All fuels sold in the U.S. are required to have a 

certain level of carbon cleaning detergent.  However this may not be enough to stop 

deposits from forming. When deposits form, the volume of the cylinder is effectively 

decreased, this increases compression that can cause knock. 

Incorrect S.I Engine Spark Plugs - Manufacturers have recommended spark plugs for 

every Engine, and often list some alternatives. If an Engine is running anything other than 

what is suggested, you may have knock. The heat range of a spark plug is often in its part 

number, and the spark plug is designed to run at that range. Its job other than producing 

spark is also to withdraw heat from the combustion chamber and into the head. 

Ways of Eliminating Engine Knock 

a) Use of fuels with high octane rating 

b) Enriching the air fuel ratio to alter the chemical reaction thereafter reduce the 

combustion temperate and reduces the possibility of knock. 

c) Reducing Peak Cylinder Pressure by reducing the engine RPM 

d) Decreasing the manifold Pressure through throttle opening. 

e) Engine Load Reduction. 
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2.6.2   Effects of S.I. Engine Knock 

i. Effects of Engine Knock could be inconsequential to completely 

destructive. 

ii. Damage of Engine Parts by creating physical holes on pistons 

iii. Aid Engine Oil Pollution by particle wear caused by moderate knocking. 

iv. Engine with hypereutectic piston (hypereutectic alloy which are metallic 

alloy composed beyond the eutectic point. 

 Okoye  (2011) in  alternative fuel for spark ignition engine experiment concluded that 

ethanol’s high latent heat of vapourization cools and lubricates the engine during the test 

as well as increase the volumetric efficiency and power output of the engine. The 20/80 

ethanol/petrol blend therefore enhances higher engine performance in power, fuel 

consumption and thermal and mechanical efficiencies when used in spark ignition engines. 

The optimum blending ratio of ethanol to petrol obtained from his test is the 20/80 

ethanol/petrol, since this gave the lowest brake specific fuel consumption of 0.42 

kg/kW.hr, which is comparable to that of petrol’s 0.36 kg/kW.hr. This is an indication of 

high energy utilization and fuel economy. Ethanol’s high octane value also allows for 

increased engine power which makes for higher overall efficiency of 22%, comparable to 

24% obtained for petrol in his work.  Ethanol fuel is a fuel for sustainable development 

especially in times of economic recession. It also has a lower vapour pressure than petrol 

which results in lower evaporative emissions. This means that there is less fire risks with 

ethanol fuel than with petrol. Its flammability in air is also lower than that of petrol which 

reduces the tendency, severity and number of vehicle fires. The 20/80 ethanol/petrol blend 

(E20) is an excellent spark ignition engine fuel and can be recommended for heavy duty 

works such as tillage, haulage and hill climbing. In the tests, it carried more load than 

others before the engine stalled. It showed the lowest brake specific fuel consumption, 

which is an indication of high fuel energy utilization and fuel economy. 
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Fayyad  et.al  (2010), presents an investigation of the effects of ethanol addition to low 

octane number petrol, on the fuel octane number and on the performance of the engine. In 

this study, the tested petrol (octane number = 90) is blended with five different percentages 

of ethanol, namely 3, 6, 9, 12 and 15% on volume basis. Then these fuel blends as well as 

the base petrol fuel were burnt in the test rig. It is found that the octane number of petrol 

increases continuously and linearly with increasing the ethanol percentage in petrol. 

Hence, ethanol is an effective compound for increasing the value of the octane number of 

petrol.  Also, it is also noticed that the best performance of the engine was obtained when 

15% of ethanol was used in the petrol blend.  Fayyad  et.al (2010) further showed that pure 

petrol gave the lowest brake power. The highest power at higher engine speed is reached 

using 15% ethanol blend, while at lower engine speeds 3% ethanol blend gives higher 

brake power. The 15% ethanol blend gives the highest thermal efficiency, and the 9 - 12% 

ethanol blends give lower thermal efficiency. The maximum variation in thermal 

efficiency is 64.9% at 2250 rpm while the minimum one is 17.28% at 1000 rpm.  
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1   Brief Introduction of Research Work Scope 

Engine knock in S.I. Engines has posed a lot of problem due to the current knock inhibitor 

and Octane booster known as TEL currently in use. This has raised the level of threat to 

man and its environment. Ethanol-Petrol blends have a viable possibility as a replacement 

to TEL as anti-knock doping agent. Recently in Africa there is a renew consciousness to 

embrace ethanol Petrol blend to displace Lead Oxide emission and enhance near complete 

combustion due to heavy Oxygen molecules in ethanol. The technique adopted in the 

Performance evaluation of ethanol blended with unleaded Petrol on Spark Ignition Engine 

is wholly a practical research work. This work comprises   three stages 

i. The first Stage involves the production of ethanol from woodchips as 

feedstock obtained from the Owerri Timber Market Saw Mill. 

ii. The second stage involved procurement of Unleaded Petrol from Port 

Harcourt Refining Company. 

iii. Characterization of the Unleaded Petrol Sample and ethanol and Unleaded 

Petrol blends at various ratios. This is designed to determine the physical 

properties of each blend so as to make effective comparison. To determine 

the ideal blend ratio for satisfactory operation. The properties of the Unleaded 

Petrol and Ethanol-Petrol blends were determined with the guild from the 

American Society of Testing and Materials Standard. 

iv. The last stage involves running each blend on S.I. Engine at different 

operating conditions. The engine speed and rate of fuel consumption were 

recorded. 
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3.2   Materials  

Favoured materials for ethanol production and blends are woodchips from non edible 

materials. As a source of pollution to our environment, woodchips and corn stalk as a 

source would be reduced. 

a. Unleaded Petrol: The Unleaded petrol used in this research work was acquired from 

Port Harcourt Refining Company Ltd (PHRC) Located at Alesa Eleme Port 

Harcourt River State Nigeria. 

b. Sawdust: Woodchips used in this project where chips from different kinds of wood 

logs milled in the timber sawmill located in timber market within Owerri 

Metropolis. Timbers commonly found in the timber market with their indigenous 

names are listed in table 3.1 below. 

Table 3.1 List of Timbers found in Sawmill within Owerri Metropolis 

Irvingia Gabonensis 

(Wild Mango) 

(Ugiri/Ogbono) 

Treculia Africana 

(African Breedfruit) 

Ukwa 

Pentaclethra Macro Phylla 

(Oil Bean Tree) 

Udala 

Chrysophyllum Albidum 

Local Star Apple 

Ube 

Pterocarpus spp 

(Sawdust) 

Ora 

Upon the inspection and servicing of the test rig, woodchips were acquired from saw mills 

located within Owerri metropolis. These woodchips (sawdust) acquired was sieved to 

obtain fine particles which is then subjected to sundry for few hours to allow moisture to 

dry up. 
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The fine woodchip (sawdust) was subjected to a process known as Separate Hydrolysis 

and Fermentation (SSF) using reagents like Distilled water and ordinary water,H2SO4 of 

various concentrations,10M NaOH, Saccharomyees cerevisiac,0.1M Ca(OH2). 200g of 

the fine dust was put into 250ml conical Flask and about 200ml of 0.4M  H2SO4 was added 

to it. The pH of the resulting mixture was checked and found out to be 4.1. 0.01 M Ca(OH2) 

was added bit by bit to a pH of 4.81. The mixture was subjected to heat to about 25oC. 

About 3g of saccharomyees cerevisiac  was added to facilitate the fermentation of the 

mixture completely. The conical flask content was distilled into a basin which ethanol was 

distilled finally. 

The (Sawdust) undergoes saccharification or hydrolysis to convert to glucose which is 

further fermented to obtain ethanol and carbon dioxide. Cellulose can be depolarized to 

glucose. 50% yield using dilute acid, 100% yield using strong acid and 100% yield using 

enzymes. Though high yields with enzymes take about 4 days. Gallagher et al (2003) 

found out that crops residues are likely the lowest cost biomass sources. Wood is the most 

common cellulosic feedstock used to produce ethanol (Otulugbu 2012). Wood contains 

43% cellulose with softwood having (2–3)% less than hardwood, 24-33% lignin and 

hemicelluloses bears the rest Browning (1967). The above wood type found in the saw 

mill is so abundant within the location. 

Apparatus Employed 

i. Dynamometer: Used for Loading the engine 

ii. Tachometer: Used for measuring Engine Revolution per minute. 

iii. Load Adjusting Ring: Use in adjusting the Load and tensioning the Load. 

iv. Measuring Cylinder and Beaker: Use for measuring the blend composition 

and constituents. 

v. Flow Restriction Device: Use to allow blend flow in the test rig flow line. 
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vi. Calibrated Throttle Points: Used to adjust the throttle at various points. 

vii. Funnel: For blend transfer into blend tank. 

viii. Weighing Balance: For blend Mass Measurement 

ix. Test Tubes: This is made up of transparent glass material used in measuring rate 

of fuel consumption 

x. 750ml Beakers: It is made up of transparent glass material basically used to 

store, retain and transfer the fuels.    

xi. Measuring Cylinder: It was used to measure the ethanol and unleaded petrol 

ratios by volume 

xii. Electronic Balance and Sieve: This was used to measure the blends mass and 

the sieve was used on the sawdust to obtain  fine particles.  

xiii. Basin for Distillation Collection: This was used to collect the distillate . 

Considerable research is being invested in improving the efficiency and reducing the cost 

of enzymes hydrolysis (IEA, 2004). Bin and Tanaka 2006 stated that the conversion of 

cellulose to ethanol requires: Pretreatment to liberate cellulose and hemicelluloses from 

their complex with lignin, hydrolysis of the carbohydrates polymers to yield sugars and 

fermentation of free sugars (hexose and Pentose) to procedure ethanol. 

3.3 Characterization of Blend Samples and Apparatus Description 

Characterization of the Physical Properties of the Samples such as 100% Ethanol, leaded 

Petrol and Blends was carried out. These properties were determined using some 

apparatus. The physical properties determined were 

3.3.1    Density 

Density is mass per unit volume. This quantity was  evaluated by measuring the mass of 

each blend ratio contained in calibrated measuring cylinder with known volumetric 
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capacity. The masses of the blends were obtained using a weighing balance/scale. After 

obtaining the mass and volume of each blend, the known relationship for density 

calculation was used to evaluate the values of the density of the blends. 

3.3.2   Octane Number 

This was evaluated in a Laboratory based in Port Harcourt River State. Also Octane Meter 

Petroleum Quality Analyzer-Shatox SX – 100k Portable Octane analyzer which measures 

Octane rating according to ASTM D2699-86 and ASTM 2700-86 Standards. The result is 

displayed on an LCD. This has a compact design and is used for on the spot petroleum 

inspection in the field and laboratory conditions. The operating conditions of the octane 

analyzer usage are at a temperature range of – 15OC to +40OC, relative humidity 80% at 

30OC and atmospheric pressure of 86 – 106KPa. The device gets power from DC elements 

of type. 

3.3.3   Flash Point 

Flash Point is the temperature at which vapour is given off which will ignite when an 

external flame is applied under a standard conditions. This is most time defined to reduce 

fire risk during storage or handling. The measurement of flash point can follow two 

different basic principles which are open cup or close cup test method. Closed cup is 

preferred since the results are precise and yield a lower flash point which is considered 

safer. In 1999, the ASTM committee published the first continuously closed cup flash 

point method known as ASTM D6450 which uses 1ml sample. The value of flash point is 

a key parameter for the flammable Liquid classification , as defined in European CLP 

Regulation (EC 2008) Abel Closed Method EN ISO 13736 (ECS 2008) standard sued 

prescribed the following:- 

i. Heating rate of the test portion in the cup 1 OC/min 

ii. Stir well during the test and not during application of the test flame. 
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iii. The test flame must be applied every 0.5OC rise in temperature 

iv. The temperature read at the time of the test flame application causes a distinct 

flash in the interior of the test cup will be recorded as the observed flash point. 

3.3.4   Pour Point 

Pour Point is the temperature at which a liquid becomes semi solid and loses its flow 

characteristics. This property can be determined using  a Pour Point Tester (PPT) which 

operates according to ASTM D5985, the operating principle is that the sample cup is 

rotated at a low RPM while cooled down continuously. An   eccentric Pendulum is dipped 

into the sample. The pendulum will be deflected by the rotation as it gets cooled. A 

temperature sensor in the pendulum’s tip measures the sample temperature. 

3.3.5   Calorific Value 

The Calorific Value of a fuel is the quantity of heat energy produced when the fuel is 

combusted. The combustion process generates water vapour which some heat can be 

recovered. There are two forms of heat content 

Higher Calorific Value (Gross Calorific Value): The water of combustion is entirely 

condensed and heat contained in the vapour is recovered. 

Lower Calorific Value (Net Calorific Value): The products of combustion contain the 

water vapour and heat in the water vapour is not recovered. 

The apparatus used in Measuring Calorific Value is known as Bomb Calorimeter for solid 

and liquid fuels while we use Junker’s Calorific for gaseous fuel. 
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Calorific Value Experimental Procedure 

i. Measure a known quantity of sample 

ii. Start the Stirrer and read out the initial water temperature 

iii. Allow current through crucible and let fuel burn with oxygen. 

iv. Heat release during combustion is absorbed by the water and the water 

temperature recorded. 

HCV = (m1 + m2) x (Tc + T2 – T1) x Cw 

m1 =   Mass of Water in Copper Calorimeter 

m2 =   Mass of Water in Bomb Calorimeter 

mf =   Mass of Fuel Sample 

T1 =   Initial and Final Water Temperature 

Cw =    Specific Heat of Water 

Tc =    Temperature Correction for radiation. 

3.4    Test Rig Experimental Setup 

The test rig used for this research work shown in figure 3.1 comprises an S.I. Engine, 

blend containing vessel, metering unit, load adjusting stirring/ring, Dynamometer, Fiber 

Material for Load Adjustment and Tensioning of Load. The readings were obtained from 

average of three replications.  
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Figure 3.1   Experimental Set Up 

Engine Specifications 

Module    - G200/MEX 

Engine Type   - Single Cylinder four stroke S.I. Engine 

Bore                         - 68 mm  

Stroke                               -         45 mm 

Compression Ratio    - 8.5/1 

Fuel Tank Capacity  - 3.6 Litres 

Engine Oil Capacity - 0.6  Litres 
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Ignition    - Non-Contact Transistorized Ignition 

Weight   - 155.71 N 

Engine Capacity           - 196 CC 

Starter    - Recoil Hand Operated 

Rack Diameter  - 144 mm 

 

Bore (d) =    68 mm 

Stroke (L) =    45 mm   

Area of Cylinder Bore =  (𝜋d2)/4  = (3.142x0.0682)/4 

= 0.00363m2 

Number of Cylinder  = n = 1 

 

 3.5   Performance Evaluation Parameters 

Area of Cylinder Bore   =    𝜋d2/4                                                                        (3.1) 

Brake Power (bp)  =  2𝜋NT                                                                                 (3.2)  

N = Engine speed in revolution per seconds 

T = Engine Torque (Nm) 

Brake Thermal Efficiency, (∫BT) =  bp/(Mf x Qfuel)                                              (3.3) 

bp  = Brake Power (KW) 

Mf  = Fuel  Mass flow Rate (kg/s) 

Qfuel  = Heating Values of Blends 

Brake Specific Fuel Consumption (B.S.F.C)  =  Mf/bp                                  (3.4) 
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Petrol (Blend) Power (F.P.)  = Mf x Qfuel                                                         (3.5) 

Blend Power is the power inherent in the blend which is the product of fuel flow 

rate and calorific value of the blend. 

Brake Mean Effective Pressure (BMEP) = (bp x60000)/( ALNn x 105)    (3.6) 

Maximum Displacement (Swept Volume), Vd = (3.142d2L)/4                 (3.7) 

Compression Ratio, rc  =   (Vc + Vd)/Vc                                                     (3.8) 

Average Piston Speed, Sp  =  2LN                                                            (3.9) 

 

L-Stroke,  d-cylinder bore, a-piston at Top Dead Centre, b- piston at bottom 

dead centre, c-connecting rod, e-piston rings groove 

Figure 3.2   Free Hand  Sketch of Engine Cylinder Configuration  

3.6   Experimental Procedure  

An initial visual inspection of the test rig to be used was done carefully to avert unpleasant 

experimental result that may arise as a result of faulty test rig set up. Also, a 

comprehensive S.I  Engine components check was done such as piston assembly, shafts, 

throttle control pin, oil level, carburetor servicing and decarbonizing the entire system. 
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Upon the inspection and servicing of the test rig, woodchips were acquired from saw mills 

located within Owerri metropolis. The test runs stages were: 

i. Test runs were first made on the engine at constant load and speed conditions using 

leaded petrol to establish baseline for the candidate fuels. The engine was returned 

to its initial condition after each cycle of test by servicing it. 

ii. Series of tests were conducted with fuel blends of 5/95, 10/90, 15/85, 20/80, 30/70, 

and 40/60 under full load and ¾ load conditions. Test  results were analyzed after 

each test run. 

iii. Similar test procedures were adopted using the same blend ratios under constant 

speeds of 3600 rev/min and 2200 rev/min and test results were also analyzed after 

each test run. 

iv. The test results were analyzed and compared with the baseline leaded fuel.                                       
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                                                    CHAPTER FOUR 

RESULTS AND DISCUSSIONS 

4.1    Characterization Result  

This chapter deals with the findings in this research work, it presents the   analyses and 

discussions of the results of this work. 

Physio-chemical properties of the leaded petrol and the blends of pure petrol and alcohol 

were examined so as to aid deductions and inferences.  Performance parameters such as 

engine speed, time, flow rates, brake power, brake thermal efficiencies, brake specific fuel 

consumption, fuel power, brake mean effective pressure and piston speed were among 

other parameters used as bases upon which the findings, analyses and discussions were 

made. These Performance indexes were investigated on each blends under the study as 

presented on tables on the appendix   and illustrated in subsequent figures.  

4.2   Effects of Blends on Density  

 

Figure 4.1     Densities   of   Blends 
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In table 3.1 and further presentation shown in figure 4.1, the density of unleaded petrol 

was found to be 746.7 kg/m3 at 290C. It increased to 747.10 kg\m3 at 290C for 5/95 and 

increased up to 783.7 kg\m3 for 60/40 which represents 4.89% increment. Figure 4.1 show 

that the higher the ethanol percentage in the blend the denser the fuel which is an ideal 

feature desired of any liquid fuel.  

4.3   Effect of Blend on Octane Number 

 

Figure 4.2   Chart Showing values of Octane Number 

Octane Number is a measure of the ability of a fuel to resist engine knock. Figure 4.2 

above showed that the octane number of leaded fuel is about 93.2. The unleaded Petrol 

used in the research work showed a steady rise of octane number of blends to 116.7 for 

E60. This shows a gradual shift from Normal Heptane (C7H16) to ideal iso-octane (C8H18). 

Octane Number of Unleaded Petrol was at about 87.97, which also increased steadily to 

as the percentage of ethanol increased for E60 to 116.70. This represents about  20% 

increase. 
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4.4   Effect of Blends on Calorific Value 

 

Figure  4.3.    Calorific values of the Blends 

The calorific value which indicates the heat content of fuels was found to be 44.3 MJ/kg 

for leaded Petrol and 44.01 MJ/kg for unleaded Petrol. It declined to 43.8 MJ/kg for E5 

and steadily decreased as shown in figure 4.3. Calorific Value in Figure 4.3 showed a 

downward trend as the percentage of ethanol increases. Figure 4.3 showed a decrease of 

about 26% decrease (leaded Petrol 44.3 MJ/Kg and E60 34.90MJ/Kg). The flash point 

indicates the temperature at which the fuel can be vaporized to yield an ignitable charge. 

From   table 4.1, it showed that flash point changed from -65oC for leaded petrol to -1o C 

for  60/40.  

The implication is that fuel with low octane number and high calorific value burns faster 

while those with higher Octane and low Calorific Value burns slowly. The higher the 

flame speed of fuel, the better its ability to resist auto-ignition and hence serves as anti-

knock agent. 

 

32

34

36

38

40

42

44

46

Petrol E 5 E 10 E 15 E 20 E 30 E 40

C
al

o
ri

fi
c 

V
al

u
e

 (
M

J/
K

g)

Blend Ratio

Comparism of Blends Calorific Values (MJ/Kg)



62 
 

4.5   Effect of Blends on Brake Power under Full Load Condition 

 

Figure 4.4.  Graphs of Brake Power against Engine Speed   at Full Load Condition. 

 

4.6   Effect of Blends on Brake Power under  ¾ Load Condition 

 

Figure 4.5 Graphs of Brake Power  against Engine Speed  at  ¾ Load Condition. 
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4.7 Maximum Brake Powers for Blends at Full Load Constant Load Test 

 

Figure 4.6  Graphs of Maximum Brake Powers Developed by Blends 

4.8 Maximum Brake Powers for Blends at 3/4 Load Test Conditions 

 

Figure 4.7  Graph of Maximum Brake Powers Developed Blends at ¾ Load 
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Figures 4.4 and 4.5 show the brake power developed for each blend at different engine 

speed. The figure showed that the blends gave a similar trend. The peak value of brake 

power of each blend occurs at different engine speed indicating the variation of the 

physical-chemical characteristics of the blends. The engine developed a maximum and 

minimum brake power of 0.88 kW and 0.63 kW at full load conditions and 0.81kW and 

0.57 kW at ¾ load conditions respectively with petrol as  baseline fuel as shown in figure 

4.5 and figure 4.6.  The Engine speed for all blends ranges from 3593 rev/min to 3924 rev 

/min at full load conditions. The brake power is the useful power developed by the engine. 

The engine developed maximum brake power of 0.99 kW at engine speed of 3873 rev/min 

when running on 20/80 ethanol/petrol blend for constant Full-load test. It further shows 

that the brake power decreases with decreasing engine speed and increasing fuel flow rate 

to maintain the load imposed on the engine. 

4.9   Effects of Blends on BSFC under Full Load Condition 

 

 

Figure 4.8    Graphs of BSFC  against Engine Speed at Full Load Condition. 
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4.10 Effect of Blends on BSFC under ¾ - Load Test 

 

Figure 4.9   Graphs of  BSFC  against Engine Speed at 3/4 Load Condition 

4.11 Minimum BSFC’s for Blends at Full Load Constant Load Test 

 

Figure 4.10   Graph of Minimum BSFC’s   Developed by Blends 
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4.12 Maximum Brake Powers for Blends at ¾ Load Constant Load Test 

 

Figure 4.11   Graphs of Minimum BSFC’s Developed by Blends 
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4.13   Effect of Blends on Fuel Flow Rate under Full-Load Condition 

 

Figure 4.12 Graphs of fuel flow rate against Engine Speed at Full-Load Condition  

Mass fuel flow rate is blend flow passing a point per unit time. It is directly dependent on 
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rate, indicating BSFC dependence on mass flow rate. The engine fuel consumption when 

running on different blends is superimposed as shown in figure 4.8. Comparing the values 
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4.14   Effect of Blends on Brake Thermal Efficiency under Full -Load Test 

 

Figure 4.13 Graphs of   Brake Thermal Efficiency against Engine Speed  at  Full-Load Conditions 

4.15   Effect of Blends on Brake Thermal Efficiency under  ¾ -Load Test 

 

Figure 4.14   Graphs of   Brake Thermal Efficiency against Engine Speed  at  ¾-Load Conditions 
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4.16 Maximum Brake Powers for Blends at Full Load Constant Load Test 

 

Figure 4.15   Graph of Maximum Brake Thermal Efficiencies Developed by Blends at full load  

4.17 Maximum Brake Powers for Blends at ¾  Load Constant Load Test 

 

Figure 4.15a   Graph of Maximum Brake Thermal Efficiencies Developed by Blends at ¾ load 
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Figure 4.13 shows the brake thermal efficiency of the blends at various engine speeds at 

full-load condition. It shows a maximum brake thermal efficiency of 18.96% for 20/80 at 

full load test and 18.88% for 20/80 blend at ¾ load figure 4.10  ethanol/petrol by volume 

compared to 11.55% and 14.72% with leaded petrol at full and ¾ loads conditions 

respectively. Since brake thermal efficiency is the ratio of brake power to fuel power, this 

implies that about 18.96% of the chemical energy of this blend developed power output 

of 0.99 kW. Figure 4.13 shows a decrease with increasing speed at certain point which 

indicates that maximum brake thermal efficiency relates to maximum engine torque and 

power output.   

4.18   Effect of Blends on BSFC at Constant Speed of 3600 rev/min 

 

 

Figure 4.16   Graphs of   BSFC against BMEP at Constant Speed of 3600 rev/min 
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4.19   Effect of Blends on BSFC at Constant Speed of 2200 rev/min

 

Figure 4.17   Graphs of   BSFC against at BMEP at Constant Speed of  2200 rev/min 

4.20 Maximum BSFC’s  for Blends at 3600 rev/min Constant Speed Test 

 

Figure 4.18   Graph of Minimum BSFC’s Developed by Blends at 3600 rev/min  

 

0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3

0.68

0.70

0.72

0.74

0.76

0.78

0.80

0.82

0.84

0.86

0.88

0.90

0.92

0.94

B
S

F
C

(k
g

/k
W

h
r)

BMEP(bar)

 100% Leaded Petrol
 10% Ethanol and 90% Unleaded Petrol
 15% Ethanol and 85% Unleaded Petrol
 20% Ethanol and 80% Unleaded Petrol
 30% Ethanol and 70% Unleaded Petrol
 40% Ethanol and 60% Unleaded Petrol

0.78
0.79

0.8
0.81
0.82
0.83
0.84
0.85
0.86
0.87
0.88

Leaded
Petrol

10%
Ethanol
and 90%

Petrol

15%
Ethanol
and 85%

Petrol

20%
Ethanol
and 80%

petrol

30%
Ethanol
and 70%

Petrol

40%
Ethanol
and 60%

Petrol

B
SF

C
 k

g/
kW

h
r

Blend Ratio

Minimum BSFC's Obtained with Blends at 
3600 rev/min Speed Test Conditions 

Minimun BSFC



72 
 

4.21 Minimum BSFC Obtained with Blends at 2200 rev/min Constant Speed Test 

 

Figure 4.19   Graph of Minimum BSFC’s developed by Blends at 2200 rev/min 
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give a  lean mixture. This is due to oxygen atom contained in chemical formula of ethanol 

(CH3CH2OH), which aid combustion.   

4.22   Effect of Blends on Brake Power at Speed of 3600 rev/min 

 

Fig 4.20   Graphs of   Brake Power against BMEP at Constant Speed Test of 3600 rev/min 

4.23   Effect of Blends on Brake Power at Constant Speed of   2200 rev/min 

 

Figure 4.21 Graphs of   Brake Power against BMEP at Constant Speed Test of  2200 rev/min 
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4.24  Maximum Brake Powers for Blends at 3600 rev/min Constant Speed Test 

 

Figure 4.22   Graph of Maximum Brake Powers  Developed at 3600 rev/min by Blends 

4.25  Maximum Brake Powers for Blends at 2200 rev/min Constant Speed Test 

 

Figure 23   Graph of Maximum Brake Powers  Developed at 2200 rev/min by Blends 
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Figure 4.20 shows a steady rise of brake power with increase in BMEP. The figure shows 

a maximum brake power of 1.19 kW which occurred at a bmep of 1.214 bar when running 

on 20/80 ethanol/petrol blend at constant speed of 3600 rev/min. Figure 4.20 shows a 

maximum brake power of 0.74 kW occurring at a bmep of 1.235 bar with blend of 15/85 

ethanol/petrol at a constant speed of  2200 rev/min. This decrease in brake power 

developed at 3600 rev/min and 2200 rev/min suggests that brake power is a function of 

engine speed and torque. This indicates that the breathing capacity (volumetric efficiency) 

of  I.C engines  declines beyond certain engine speed as torque drops. 

4.26   Effect of Blends on Brake Thermal Efficiency at Constant Speed of 3600 rev/min 

 

 

 

 

 

 

 

 

     

 

Figure 4.24   Graphs of   Brake Thermal Efficiency against BMEP at Constant Speed of 3600 rev/min 
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4.27   Effect of Blends on Brake Thermal Efficiency at Constant Speed of  2200 rev/min 

 

Figure 4.25 Graphs of   Brake Thermal Efficiency   against BMEP Constant Speed of 2200 rev/min 

4.28  Maximum Brake Thermal Efficiency for Blends at 3600 rev /min Constant Speed Test 

 

Figure 4.26  Graph of Maximum Brake Thermal Efficiencies Developed at 3600 rev/min  by Blends 
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4.29 Maximum Brake Powers for Blends at 2200 rev/min Constant Speed Test 

 

Figure 4.27  Graph of Maximum Brake Thermal Efficiencies Developed at 2200 rev/min  by Blends 

Brake Thermal Efficiency is the ratio of brake power to heat energy supplied and it 

indicates the ability of an engine to convert fuel energy into useful power output.  Figures 

4.24 and 4.25 show that brake thermal efficiency increases with increasing bmep. 

Maximum brake thermal efficiency as shown on the superimposed graphs occurred with 

20/80 and 100% leaded petrol at 4.61 bmep and 3.95 bmep respectively. This suggests 

that decrease of calorific values as a result of increase in ethanol percentage of the blends 

increases the brake thermal efficiency. With constant speed test of 2200 rev/min, the 

maximum brake thermal efficiency occurred with 20/80 ethanol/petrol with a value of 

13.44% and 11.49% with 100% leaded petrol respectively. Furthermore, the brake thermal 

efficiency was increased from 8.95% with leaded Petrol and 11.62% with 20/80 for 

constant speed of 3600rpm as a result of increase of octane number.  The increase is due 

to decrease of calorific value of 20/80 blend. 
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4.30   Effect of Blends on Fuel Consumption at Constant Speed of 3600 rev/min 

 

Fig 4.28   Graphs of   Fuel Flow Rate against BMEP at Constant Speed of 3600 rev/min 

4.31   Effect of Blends on Fuel Flow Rate at Constant Speed of 2200 rev/min 

 

Figure 4.29 Graphs of   Fuel Flow Rate against BMEP at Constant Speed of 2200 rev/min 

Figures 4.28 and 4.29 show that bmep acting on the piston increases as the fuel flow rate 

increases. The lowest fuel consumption of 0.321 kg/hr was obtained when running on 

blend  20/80 at a speed of 2200 rev/min. Fuel consumption increases with increase in bmep 

so as to sustain the power requirement  of the engine. 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATION 

5.1 CONCLUSIONS 

Petrol-Ethanol blend is a promising technology that will sustain our environment due to 

its environmentally friendly nature. From the results it was shown clearly that octane 

rating improves with these blends. The higher the octane number, the more stable the 

engine performed at the operating conditions. However this is not the case with blends of 

higher ethanol percentage due to carburetion issues. 

At constant load test, maximum brake power of 0.99 kW was obtained at full-load 

conditions with 20/80 compared to 0.88 kW and 0.81 kW at full load and ¾ load conditions 

obtained with leaded petrol used as baseline fuel. Similar trend occurred on constant speed 

test at 3600 rev/min with maximum brake power  value of 1.19 kW occurring with 20/80 

against that of leaded petrol of 1.09 kW at 3600 rev/min. 

For BSFC at full and ¾ load conditions, the minimum BSFC  obtained was 0.516 kg/kWh 

and 0.406 kg/kWh with 20/80 and 15/85 respectively compared to that of leaded petrol of 

0.693 kg/kWh and 0.552 kg/kWh at full and ¾ - load conditions respectively. For constant 

speed test at 3600 rev/min and 2200 rev/min, bsfc was 0.813 and 0.703 respectively both 

with 20/80 compared to BSFC of 0.873 kg/kWh and 0.709 kg/kWh obtained with leaded 

petrol at same speed conditions. 

 The maximum brake thermal efficiency obtained for leaded petrol at full and ¾ - load 

conditions are 11.55% and 14.72% compared to 18.96% with 20/80. In the same tests for 

constant speed test of 3600 rev/min and 2200 rev/min, brake thermal efficiencies obtained 

are 11.62% and 13.44% respectively with 20/80 compared to 8.95% obtained with leaded 

petrol. 
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Bioethanol produced from sawdust (woodchips) was of high quality and showed a 

possibility of ameliorating environmental pollution. Maximum brake thermal efficiency 

was recorded with 20/80 blend. The results showed that the alcohol-petrol blend is a 

solution to S.I. engine knock when use to replace Lead component in  petrol. 

 It is therefore concluded that 20/80 blend gave the optimum desired performance on S.I 

engine for the engine compression ratio.  
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5.2 Recommendation 

In view of the importance of this research work to environment and S.I engine, it is 

recommended that further work should be carried out at different compression ratios to 

establish fuel ratings for each engine compression ratio as it is applicable elsewhere in the 

world.   
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5.3 Contribution to Knowledge 

The prime essence of this research work is to contribute to the world of knowledge for the 

progress of the S.I. Engine safe and best performance. This work has demonstrated clearly 

the use of ethanol as a near perfect replacement for Lead compound used as an anti knock 

agent. 
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                                                                  APPENDIX A 

VISUAL BASIC 6.0 PROGRAMMING LANGUAGE USED FOR THE TEST 

RESULT COMPUTATION 

' EXPLICIT VARIABLE DECLARATION 

Option Explicit 

Dim N1 As Single 

Dim T1 As Single 

Dim Nn1 As Single 

Dim MF1 As Single 

Dim QFUEL As Single 

Dim BP1 As Single 

Dim QF As Single 

Dim N2 As Single 

Dim T2 As Single 

Dim Nn2 As Single 

Dim MF2 As Single 

Dim BP2 As Single 

Dim N3 As Single 

Dim T3 As Single 

Dim Nn3 As Single 

Dim MF3 As Single 

Dim BP3 As Single 

Dim N4 As Single 

Dim T4 As Single 

Dim Nn4 As Single 

Dim MF4 As Single 

Dim BP4 As Single 
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Dim N5 As Single 

Dim T5 As Single 

Dim Nn5 As Single 

Dim MF5 As Single 

Dim BP5 As Single 

Dim N6 As Single 

Dim T6 As Single 

Dim Nn6 As Single 

Dim MF6 As Single 

Dim BP6 As Single 

 

' CONTANT DECLARATIONS 

Const A = 0.00363 'IN METRES SQUARE 

Const L = 0.045   'IN METRES 

 

' THIS SECTION OF CODES IS FOR THE SELECTIONS OF BLENDS 

Private Sub Form_Load() 

Combo1.AddItem ("PETROL FULL LOAD") 

Combo1.AddItem ("5/95") 

Combo1.AddItem ("10/90") 

Combo1.AddItem ("15/85") 

Combo1.AddItem ("20/80") 

Combo1.AddItem ("30/70") 

Combo1.AddItem ("40/60") 

Combo1.AddItem ("60/40") 

End Sub 
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' THIS CODE IS FOR ASSIGNMENTS OF VALUE TO EACH BLEND 

Private Sub Combo1_Click() 

Select Case Combo1.Text 

  Case "PETROL FULL LOAD" 

     QFUEL = 44.3 

     Case "5/95" 

     QFUEL = 43.8 

     Case "10/90" 

     QFUEL = 41.8 

     Case "15/85" 

     QFUEL = 41.2 

     Case "20/80" 

     QFUEL = 38.1 

     Case "30/70" 

     QFUEL = 37.7 

     Case "40/60" 

     QFUEL = 37.4 

     Case "60/40" 

     QFUEL = 34.9 

     Case "" 

     QFUEL = 0 

  End Select 

     QF = QFUEL 

End Sub 

 

'LINKS MAIN MENU TO THE CONSTANT ENGINE TEST APP/PAGE 

Private Sub Label13_Click() 
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Form1.Hide 

MAIN.Show 

End Sub 

 

'THIS CODE CONTROLS ANIMATION OF LINKS 

      Private Sub Form_MouseMove(Button As Integer, Shift As Integer, X As Single, Y As Single) 

      Label13.ForeColor = &H0& 

      Label14.ForeColor = &H0& 

      Label15.ForeColor = &H0& 

      End Sub 

      Private Sub Label13_MouseMove(Button As Integer, Shift As Integer, X As Single, Y As Single) 

      Label13.ForeColor = &HC0 

      End Sub 

      Private Sub Label14_MouseMove(Button As Integer, Shift As Integer, X As Single, Y As Single) 

      Label14.ForeColor = &HC0 

      End Sub 

        Private Sub Label15_MouseMove(Button As Integer, Shift As Integer, X As Single, Y As Single) 

      Label15.ForeColor = vbBlue 

      End Sub 

 

'THIS CODE QUITS THE PROGRAM 

     Private Sub Label14_Click() 

     Dim iresponse As Integer 

iresponse = MsgBox("Do you want to exit", vbYesNo) 

    If iresponse = vbYes Then 

       End 

ElseIfiresponse = vbNo Then 
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    Exit Sub 

    End If 

End Sub 

 

' THE CODES BELOW RESETS THE TABLE 

Private Sub Label15_Click() 

'Dim iresponse As Integer 

'iresponse = MsgBox("Are you sure you want to Clear Table", vbYesNo) 

'If iresponse = vbYes Then 

Text1.Text = "" 

Text2.Text = "" 

Text3.Text = "" 

Text4.Text = "" 

Text5.Text = "" 

Text6.Text = "" 

Text7.Text = "" 

Text8.Text = "" 

Text9.Text = "" 

Text10.Text = "" 

Text11.Text = "" 

Text12.Text = "" 

Text13.Text = "" 

Text14.Text = "" 

Text15.Text = "" 

Text16.Text = "" 

Text17.Text = "" 

Text18.Text = "" 
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Text19.Text = "" 

Text20.Text = "" 

Text21.Text = "" 

Text22.Text = "" 

Text23.Text = "" 

Text24.Text = "" 

Text25.Text = "" 

Text26.Text = "" 

Text27.Text = "" 

Text28.Text = "" 

Text29.Text = "" 

Text30.Text = "" 

Text31.Text = "" 

Text32.Text = "" 

Text33.Text = "" 

Text34.Text = "" 

Text35.Text = "" 

Text36.Text = "" 

Text37.Text = "" 

Text38.Text = "" 

Text39.Text = "" 

Text40.Text = "" 

Text41.Text = "" 

Text42.Text = "" 

Text43.Text = "" 

Text44.Text = "" 

Text45.Text = "" 
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Text46.Text = "" 

Text47.Text = "" 

Text48.Text = "" 

Text49.Text = "" 

Text50.Text = "" 

Text51.Text = "" 

Text53.Text = "" 

Text54.Text = "" 

Text55.Text = "" 

Text56.Text = "" 

Text57.Text = "" 

Text58.Text = "" 

Text59.Text = "" 

Text52.Text = "" 

Text60.Text = "" 

'ElseIfiresponse = vbNo Then 

'Exit Sub 

End Sub 

 

' THIS CALCULATES FOR PISTON SPEED IN THE FIRST ROW 

' PS1= VALUE OF PISTON SPEED IN THE FIRST ROW 

 

Private Sub Text10_GotFocus() 

Dim PS1 As Single 

If Text1.Text = "" Then 

MsgBox ("PLEASE ENTER THE VALUE OF <LOAD> N") 

Else 
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N1 = Val(Text1.Text) 

PS1 = 2 * 0.045 * N1 

Text10.Text = PS1 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE POWER IN THE FIRST ROW 

' BP1= VALUE OF BRAKE POWER IN THE FIRST ROW 

Private Sub Text5_GotFocus() 

If Text1.Text = "" Or Text2.Text = "" Then 

MsgBox ("Please Enter The VALUE of LOAD(N) & TORQUE") 

Else 

N1 = Val(Text1.Text) 

T1 = Val(Text2.Text) 

BP1 = ((2 * 3.142 * N1 * T1) / 60000) 

Text5.Text = BP1 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE THERMAL EFFICIENCY IN THE FIRST ROW 

' BTE1= VALUE OF BRAKE THERMAL EFFICIENCY IN THE FIRST ROW 

 

Private Sub Text6_GotFocus() 

Dim BTE1 As Single 

If QF = 0 Or Text4.Text = "" Then 

MsgBox ("ENTER MASS FLOW RATE value and ENSURE A BLEND IS CHOOSEN") 

Else 
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MF1 = Val(Text4.Text) 

BTE1 = BP1 / (MF1 * QF) 

Text6.Text = BTE1 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE SPECIFIC FUEL CONSUMPTION IN THE FIRST ROW 

' BSFC1= VALUE OF BRAKE SPECIFIC FUEL CONSUMPTION IN THE FIRST ROW 

 

Private Sub Text7_GotFocus() 

Dim BSFC1 As Single 

If Text4.Text = "" Then 

MsgBox ("Please Enter MASS FLOW RATE VALUE") 

Else 

MF1 = Val(Text4.Text) 

BSFC1 = MF1 / BP1 

Text7.Text = BSFC1 

End If 

End Sub 

 

' THIS CALCULATES FOR FUEL POWER IN THE FIRST ROW 

' fp1= VALUE OF FUEL POWER IN THE FIRST ROW 

 

Private Sub Text8_GotFocus() 

Dim fp1 As Single 

If Text4.Text = "" Then 

MsgBox ("Please Enter MASS FLOW RATE VALUE") 
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Else 

MF1 = Val(Text4.Text) 

fp1 = MF1 * QF 

Text8.Text = fp1 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE MEAN EFFECTIVE PRESSURE IN THE FIRST ROW 

' BMEP1= VALUE OF BRAKE MEAN EFFECTIVE PRESSURE IN THE FIRST ROW 

 

Private Sub Text9_GotFocus() 

Dim BMEP1 As Single 

Dim CC1 As Single 

If Text1.Text = "" Or Text3.Text = "" Then 

MsgBox ("Enter VALUE of LOAD(N) & NUMBER OF CYLINDER") 

Else 

N1 = Val(Text1.Text) 

Nn1 = Val(Text3.Text) 

CC1 = N1 * Nn1 * 100000 * A * L 

BMEP1 = ((BP1 * 60000) / CC1) 

Text9.Text = BMEP1 

End If 

End Sub 

 

' THIS CALCULATES FOR PISTON SPEED IN THE SECOND ROW 

' PS2= VALUE OF PISTON SPEED IN THE SECOND ROW 
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Private Sub Text20_GotFocus() 

Dim PS2 As Single 

If Text11.Text = "" Then 

MsgBox ("PLEASE ENTER THE VALUE OF <LOAD> N") 

Else 

N1 = Val(Text11.Text) 

PS2 = 2 * 0.045 * N2 

Text20.Text = PS2 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE POWER IN THE SECOND ROW 

' BP2= VALUE OF BRAKE POWER IN THE SECOND ROW 

Private Sub Text15_GotFocus() 

If Text11.Text = "" Or Text12.Text = "" Then 

MsgBox ("Please Enter The VALUE of LOAD(N) & TORQUE") 

Else 

N2 = Val(Text11.Text) 

T2 = Val(Text12.Text) 

BP2 = ((2 * 3.142 * N2 * T2) / 60000) 

Text15.Text = BP2 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE THERMAL EFFICIENCY IN THE SECOND ROW 

' BTE2= VALUE OF BRAKE THERMAL EFFICIENCY IN THE SECOND ROW 
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Private Sub Text16_GotFocus() 

Dim BTE2 As Single 

If QF = 0 Or Text14.Text = "" Then 

MsgBox ("ENTER MASS FLOW RATE value and ENSURE A BLEND IS CHOOSEN") 

Else 

MF2 = Val(Text14.Text) 

BTE2 = BP2 / (MF2 * QF) 

Text16.Text = BTE2 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE SPECIFIC FUEL CONSUMPTION IN THE SECOND ROW 

' BSFC2= VALUE OF BRAKE SPECIFIC FUEL CONSUMPTION IN THE SECOND ROW 

 

Private Sub Text17_GotFocus() 

Dim BSFC2 As Single 

If Text14.Text = "" Then 

MsgBox ("Please Enter MASS FLOW RATE VALUE") 

Else 

MF2 = Val(Text14.Text) 

BSFC2 = MF2 / BP2 

Text17.Text = BSFC2 

End If 

End Sub 

 

' THIS CALCULATES FOR FUEL POWER IN THE SECOND ROW 

' fp2= VALUE OF FUEL POWER IN THE SECOND ROW 
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Private Sub Text18_GotFocus() 

Dim fp2 As Single 

If Text14.Text = "" Then 

MsgBox ("Please Enter MASS FLOW RATE VALUE") 

Else 

MF2 = Val(Text14.Text) 

fp2 = MF2 * QF 

Text18.Text = fp2 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE MEAN EFFECTIVE PRESSURE IN THE SECOND ROW 

' BMEP2= VALUE OF BRAKE MEAN EFFECTIVE PRESSURE IN THE SECOND ROW 

 

Private Sub Text19_GotFocus() 

Dim BMEP2 As Single 

Dim CC2 As Single 

If Text11.Text = "" Or Text13.Text = "" Then 

MsgBox ("Enter VALUE of LOAD(N) & NUMBER OF CYLINDER") 

Else 

N2 = Val(Text11.Text) 

Nn2 = Val(Text13.Text) 

CC2 = N2 * Nn2 * 100000 * A * L 

BMEP2 = ((BP2 * 60000) / CC2) 

Text19.Text = BMEP2 

End If 
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End Sub 

' THIS CALCULATES FOR PISTON SPEED IN THE THIRD ROW 

' PS3= VALUE OF PISTON SPEED IN THE THIRD ROW 

 

Private Sub Text30_GotFocus() 

Dim PS3 As Single 

If Text21.Text = "" Then 

MsgBox ("PLEASE ENTER THE VALUE OF <LOAD> N") 

Else 

N3 = Val(Text21.Text) 

PS3 = 2 * 0.045 * N3 

Text30.Text = PS3 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE POWER IN THE THIRD ROW 

' BP3= VALUE OF BRAKE POWER IN THE THIRD ROW 

Private Sub Text25_GotFocus() 

If Text21.Text = "" Or Text22.Text = "" Then 

MsgBox ("Please Enter The VALUE of LOAD(N) & TORQUE") 

Else 

N3 = Val(Text21.Text) 

T3 = Val(Text22.Text) 

BP3 = ((2 * 3.142 * N3 * T3) / 60000) 

Text25.Text = BP3 

End If 

End Sub 
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' THIS CALCULATES FOR BRAKE THERMAL EFFICIENCY IN THE THIRD ROW 

' BTE3= VALUE OF BRAKE THERMAL EFFICIENCY IN THE THIRD ROW 

 

Private Sub Text26_GotFocus() 

Dim BTE3 As Single 

If QF = 0 Or Text24.Text = "" Then 

MsgBox ("ENTER MASS FLOW RATE value and ENSURE A BLEND IS CHOOSEN") 

Else 

MF3 = Val(Text24.Text) 

BTE3 = BP3 / (MF3 * QF) 

Text26.Text = BTE3 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE SPECIFIC FUEL CONSUMPTION IN THE THIRD ROW 

' BSFC3= VALUE OF BRAKE SPECIFIC FUEL CONSUMPTION IN THE THIRD ROW 

 

Private Sub Text27_GotFocus() 

Dim BSFC3 As Single 

If Text24.Text = "" Then 

MsgBox ("Please Enter MASS FLOW RATE VALUE") 

Else 

MF3 = Val(Text24.Text) 

BSFC3 = MF3 / BP3 

Text27.Text = BSFC3 

End If 

End Sub 
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' THIS CALCULATES FOR FUEL POWER IN THE THIRD ROW 

' fp3= VALUE OF FUEL POWER IN THE THIRD ROW 

 

Private Sub Text28_GotFocus() 

Dim fp3 As Single 

If Text24.Text = "" Then 

MsgBox ("Please Enter MASS FLOW RATE VALUE") 

Else 

MF3 = Val(Text24.Text) 

fp3 = MF3 * QF 

Text28.Text = fp3 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE MEAN EFFECTIVE PRESSURE IN THE THIRD ROW 

' BMEP3= VALUE OF BRAKE MEAN EFFECTIVE PRESSURE IN THE THIRD ROW 

 

Private Sub Text29_GotFocus() 

Dim BMEP3 As Single 

Dim CC3 As Single 

If Text21.Text = "" Or Text23.Text = "" Then 

MsgBox ("Enter VALUE of LOAD(N) & NUMBER OF CYLINDER") 

Else 

N3 = Val(Text21.Text) 

Nn3 = Val(Text23.Text) 

CC3 = N3 * Nn3 * 100000 * A * L 

BMEP3 = ((BP3 * 60000) / CC3) 
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Text29.Text = BMEP3 

End If 

End Sub 

 

' THIS CALCULATES FOR PISTON SPEED IN THE FOURTH ROW 

' PS4= VALUE OF PISTON SPEED IN THE FOURTH ROW 

 

Private Sub Text40_GotFocus() 

Dim PS4 As Single 

If Text31.Text = "" Then 

MsgBox ("PLEASE ENTER THE VALUE OF <LOAD> N") 

Else 

N4 = Val(Text31.Text) 

PS4 = 2 * 0.045 * N4 

Text40.Text = PS4 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE POWER IN THE FOURTH ROW 

' BP4= VALUE OF BRAKE POWER IN THE FOURTH ROW 

Private Sub Text35_GotFocus() 

If Text31.Text = "" Or Text32.Text = "" Then 

MsgBox ("Please Enter The VALUE of LOAD(N) & TORQUE") 

Else 

N4 = Val(Text31.Text) 

T4 = Val(Text32.Text) 

BP4 = ((2 * 3.142 * N4 * T4) / 60000) 
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Text35.Text = BP4 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE THERMAL EFFICIENCY IN THE FOURTH ROW 

' BTE4= VALUE OF BRAKE THERMAL EFFICIENCY IN THE FOURTH ROW 

 

Private Sub Text36_GotFocus() 

Dim BTE4 As Single 

If QF = 0 Or Text34.Text = "" Then 

MsgBox ("ENTER MASS FLOW RATE value and ENSURE A BLEND IS CHOOSEN") 

Else 

MF4 = Val(Text34.Text) 

BTE4 = BP4 / (MF4 * QF) 

Text36.Text = BTE4 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE SPECIFIC FUEL CONSUMPTION IN THE FOURTH ROW 

' BSFC4= VALUE OF BRAKE SPECIFIC FUEL CONSUMPTION IN THE FOURTH ROW 

 

Private Sub Text37_GotFocus() 

Dim BSFC4 As Single 

If Text34.Text = "" Then 

MsgBox ("Please Enter MASS FLOW RATE VALUE") 

Else 

MF4 = Val(Text34.Text) 
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BSFC4 = MF4 / BP4 

Text37.Text = BSFC4 

End If 

End Sub 

 

' THIS CALCULATES FOR FUEL POWER IN THE FOURTH ROW 

' fp4= VALUE OF FUEL POWER IN THE FOURTH ROW 

 

Private Sub Text38_GotFocus() 

Dim fp4 As Single 

If Text34.Text = "" Then 

MsgBox ("Please Enter MASS FLOW RATE VALUE") 

Else 

MF4 = Val(Text34.Text) 

fp4 = MF4 * QF 

Text38.Text = fp4 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE MEAN EFFECTIVE PRESSURE IN THE FOURTH ROW 

' BMEP4= VALUE OF BRAKE MEAN EFFECTIVE PRESSURE IN THE FOURTH ROW 

 

Private Sub Text39_GotFocus() 

Dim BMEP4 As Single 

Dim CC4 As Single 

If Text31.Text = "" Or Text33.Text = "" Then 

MsgBox ("Enter VALUE of LOAD(N) & NUMBER OF CYLINDER") 
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Else 

N4 = Val(Text31.Text) 

Nn4 = Val(Text33.Text) 

CC4 = N4 * Nn4 * 100000 * A * L 

BMEP4 = ((BP4 * 60000) / CC4) 

Text39.Text = BMEP4 

End If 

End Sub 

 

' THIS CALCULATES FOR PISTON SPEED IN THE FIFTH ROW 

' PS5= VALUE OF PISTON SPEED IN THE FIFTH ROW 

Private Sub Text50_GotFocus() 

Dim PS5 As Single 

If Text41.Text = "" Then 

MsgBox ("PLEASE ENTER THE VALUE OF <LOAD> N") 

Else 

N5 = Val(Text41.Text) 

PS5 = 2 * 0.045 * N5 

Text50.Text = PS5 

End If 

End Sub 

' THIS CALCULATES FOR BRAKE POWER IN THE FIFTH ROW 

' BP5= VALUE OF BRAKE POWER IN THE FIFTH ROW 

Private Sub Text45_GotFocus() 

If Text41.Text = "" Or Text42.Text = "" Then 

MsgBox ("Please Enter The VALUE of LOAD(N) & TORQUE") 

Else 
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N5 = Val(Text41.Text) 

T5 = Val(Text42.Text) 

BP5 = ((2 * 3.142 * N5 * T5) / 60000) 

Text45.Text = BP5 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE THERMAL EFFICIENCY IN THE FIFTH ROW 

' BTE5= VALUE OF BRAKE THERMAL EFFICIENCY IN THE FIFTH ROW 

 

Private Sub Text46_GotFocus() 

Dim BTE5 As Single 

If QF = 0 Or Text44.Text = "" Then 

MsgBox ("ENTER MASS FLOW RATE value and ENSURE A BLEND IS CHOOSEN") 

Else 

MF5 = Val(Text44.Text) 

BTE5 = BP5 / (MF5 * QF) 

Text46.Text = BTE5 

End If 

End Sub 

' THIS CALCULATES FOR BRAKE SPECIFIC FUEL CONSUMPTION IN THE FIFTH ROW 

' BSFC5= VALUE OF BRAKE SPECIFIC FUEL CONSUMPTION IN THE FIFTH ROW 

Private Sub Text47_GotFocus() 

Dim BSFC5 As Single 

If Text44.Text = "" Then 

MsgBox ("Please Enter MASS FLOW RATE VALUE") 

Else 
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MF5 = Val(Text44.Text) 

BSFC5 = MF5 / BP5 

Text47.Text = BSFC5 

End If 

End Sub 

 

' THIS CALCULATES FOR FUEL POWER IN THE FIFTH ROW 

' fp5= VALUE OF FUEL POWER IN THE FIFTH ROW 

 

Private Sub Text48_GotFocus() 

Dim fp5 As Single 

If Text44.Text = "" Then 

MsgBox ("Please Enter MASS FLOW RATE VALUE") 

Else 

MF5 = Val(Text44.Text) 

fp5 = MF5 * QF 

Text48.Text = fp5 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE MEAN EFFECTIVE PRESSURE IN THE FIFTH ROW 

' BMEP5= VALUE OF BRAKE MEAN EFFECTIVE PRESSURE IN THE FIFTH ROW 

 

Private Sub Text49_GotFocus() 

Dim BMEP5 As Single 

Dim CC5 As Single 

If Text41.Text = "" And Text43.Text = "" Then 
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MsgBox ("Enter VALUE of LOAD(N) & NUMBER OF CYLINDER") 

Else 

N5 = Val(Text41.Text) 

Nn5 = Val(Text43.Text) 

CC5 = N5 * Nn5 * 100000 * A * L 

BMEP5 = ((BP5 * 60000) / CC5) 

Text49.Text = BMEP5 

End If 

End Sub 

' THIS CALCULATES FOR PISTON SPEED IN THE SIXTH ROW 

' PS6= VALUE OF PISTON SPEED IN THE SIXTH ROW 

 

Private Sub Text60_GotFocus() 

Dim PS6 As Single 

If Text51.Text = "" Then 

MsgBox ("PLEASE ENTER THE VALUE OF <LOAD> N") 

Else 

N6 = Val(Text51.Text) 

PS6 = 2 * 0.045 * N6 

Text60.Text = PS6 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE POWER IN THE SIXTH ROW 

' BP6= VALUE OF BRAKE POWER IN THE SIXTH ROW 

Private Sub Text55_GotFocus() 

If Text51.Text = "" And Text52.Text = "" Then 
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MsgBox ("Please Enter The VALUE of LOAD(N) & TORQUE") 

Else 

N6 = Val(Text51.Text) 

T6 = Val(Text52.Text) 

BP6 = ((2 * 3.142 * N6 * T6) / 60000) 

Text55.Text = BP6 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE THERMAL EFFICIENCY IN THE SIXTH ROW 

' BTE6= VALUE OF BRAKE THERMAL EFFICIENCY IN THE SIXTH ROW 

 

Private Sub Text56_GotFocus() 

Dim BTE6 As Single 

If QF = 0 And Text54.Text = "" Then 

MsgBox ("ENTER MASS FLOW RATE value and ENSURE A BLEND IS CHOOSEN") 

Else 

MF6 = Val(Text54.Text) 

BTE6 = BP6 / (MF6 * QF) 

Text56.Text = BTE6 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE SPECIFIC FUEL CONSUMPTION IN THE SIXTH ROW 

' BSFC6= VALUE OF BRAKE SPECIFIC FUEL CONSUMPTION IN THE SIXTH ROW 

 

Private Sub Text57_GotFocus() 
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Dim BSFC6 As Single 

If Text54.Text = "" Then 

MsgBox ("Please Enter MASS FLOW RATE VALUE") 

Else 

MF6 = Val(Text54.Text) 

BSFC6 = MF6 / BP6 

Text57.Text = BSFC6 

End If 

End Sub 

 

' THIS CALCULATES FOR FUEL POWER IN THE SIXTH ROW 

' fp6= VALUE OF FUEL POWER IN THE SIXTH ROW 

 

Private Sub Text58_GotFocus() 

Dim fp6 As Single 

If Text54.Text = "" Then 

MsgBox ("Please Enter MASS FLOW RATE VALUE") 

Else 

MF6 = Val(Text54.Text) 

fp6 = MF6 * QF 

Text58.Text = fp6 

End If 

End Sub 

 

' THIS CALCULATES FOR BRAKE MEAN EFFECTIVE PRESSURE IN THE FIFTH ROW 

' BMEP6= VALUE OF BRAKE MEAN EFFECTIVE PRESSURE IN THE FIFTH ROW 
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Private Sub Text59_GotFocus() 

Dim BMEP6 As Single 

Dim CC6 As Single 

If Text51.Text = "" And Text53.Text = "" Then 

MsgBox ("Enter VALUE of LOAD(N) & NUMBER OF CYLINDER") 

Else 

N6 = Val(Text51.Text) 

Nn6 = Val(Text53.Text) 

CC6 = N6 * Nn6 * 100000 * A * L 

BMEP6 = ((BP6 * 60000) / CC6) 

Text59.Text = BMEP6 

End If 

End Sub 
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APPENDIX B 

Table 4.1 Characterization Result of Samples 

Sample 

 

Density at 

29oC 

Kg/m3 

Octane No. Flash Point 
oC 

Calorific 

Value 

(MJ/Kg) 

Petrol 

(Unleaded) 

739.61 87.97 -63 44.01 

Ethanol 

(100/0) 

793.5 111 13 29.62 

Petrol 

(Leaded) 

746.70 93.2 -65 44.30 

5/95 747.10 95.10 -54 43.80 

10/90 748.20 97.20 -40 41.80 

15/85 752.00 98.60 -36 41.20 

20/80 761.30 100.40 -20 38.10 

30/70 775.60 102.70 -15 37.70 

40/60 780.20 106.30 -13.5 37.40 

60/40 783.70 116.70 -1 34.90 
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APPENDIX C 

Constant-Load Test 

Table 4.2 Petrol   Full Load 

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
Bar 

Piston 
Speed 
m/sec 

9.81 3837 86 20 0.23 0.619 0.88 11.55 0.703 7.62 0.842 5.76 

19.62 3826 80 20 0.25 0.673 0.91 10.99 0.693 8.28 0.931 5.73 

29.43 3819 71.43 20 0.28 0.752 0.86 9.28 0.874 9.26 0.827 5.72 

39.24 3808 66.67 20 0.30 0.806 0.76 7.66 1.061 9.92 0.733 5.70 

49.05 3797 58.82 20 0.34 0.914 0.63 5.60 1.451 11.25 0.609 5.68 

 

Table 4.3   5/95 

Load 
N 

Engine 
Speed 
RPM 

Time 
sec 

Rate 
ml 

Volume 
Rate 
ml/sec 

Mass  
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Thermal 
Efficiency 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
bar 

Piston 
Speed 
ml/sec 

9.81 3885 90.91 20 0.21 0.562 0.89 13.01 0.631 6.84 0.841 5.82 

19.62 3845 86.95 20 0.23 0.619 0.95 12.62 0.652 7.53 0.908 5.76 

29.43 3816 71.42 20 0.28 0.752 0.86 9.39 0.874 9.15 0.827 5.72 

39.24 3800 69.30 20 0.29 0.779 0.76 8.02 1.025 9.48 0.735 5.70 

49.05 3755 55.56 20 0.35 0.939 0.62 5.43 1.515 11.42 0.606 5.63 

 

Table 4.4   10/90 

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
bar 

Piston 
Speed 
m/sec 

9.81 3843 93.27 20 0.21 0.565 0.84 12.80 0.673 6.56 0.803 5.76 

19.62 3828 90.92 20 0.22 0.590 0.89 12.99 0.663 6.85 0.854 5.74 

29.43 3808 83.33 20 0.24 0.644 0.86 11.49 0.748 7.48 0.829 5.71 

39.24 3798 80 20 0.25 0.673 0.77 9.85 0.874 7.82 0.745 5.69 

49.05 3773 57.14 20 0.35 0.943 0.63 5.75 1.496 10.95 0.613 5.65 
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Table 4.5   15/85 

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
Bar 

Piston 
Speed 
m/sec 

9.81 3695 110 20 0.18 0.486 0.82 14.75 0.592 5.56 0.815 5.54 

19.62 3637 100 20 0.20 0.540 0.91 14.72 0.593 6.18 0.919 5.46 

29.43 3617 95.23 20 0.21 0.569 0.81 12.44 0.702 6.51 0.823 5.42 

39.24 3604 90.91 20 0.22 0.594 0.74 10.89 0.803 6.79 0.754 5.40 

49.05 3593 86.90 20 0.23 0.623 8.27 8.27 1.056 7.13 0.603 5.38 

 

Table 4.6   20/80 

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
bar 

Piston 
Speed 
m/sec 

9.81 3881 117.64 20 0.17 0.464 0.90 18.32 0.516 4.91 0.852 5.82 

19.62 3873 111.11 20 0.18 0.493 0.99 18.96 0.498 5.22 0.938 5.80 

29.43 3862 105.26 20 0.19 0.518 0.88 16.03 0.588 5.49 0.836 5.76 

39.24 3837 90.90 20 0.22 0.601 0.78 12.26 0.771 6.36 0.746 5.75 

49.05 3824 80 20 0.25 0.684 0.65 8.97 1.052 7.24 0.624 5.73 

 

 

Table 4.7    30/70       

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
bar 

Piston 
Speed 
m/sec 

9.81 3893 52.63 10 0.19 0.529 0.89 16.06 0.594 5.54 0.839 5.84 

19.62 3879 50 10 0.20 0.558 0.97 16.60 0.575 5.84 0.919 5.82 

29.43 3840 43.47 10 0.23 0.641 0.85 12.66 0..754 6.71 0.813 5.72 

39.24 3810 41.67 10 0.24 0.669 0.77 10.98 0.869 7.01 0.742 5.72 

49.05 3794 39.40 10 0.25 0.698 0.62 8.48 1.125 7.31 0.600 5.69 

 

Table 4.8   40/60 

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
bar 

Piston 
Speed 
m/sec 

9.81 3792 52.00 10 0.19 0.533 0.87 15.73 0.613 5.53 0.843 5.68 

19.62 3773 45.45 10 0.22 0.619 0.95 14.77 0.652 6.43 0.925 5.66 

29.43 3755 43.47 10 0.23 0.644 0.82 12.25 0.785 6.69 0.802 5.63 

39.24 3727 41.66 10 0.24 0.673 0.75 10.72 0.897 6.99 0.739 5.59 

49.05 3711 40 10 0.25 0.702 0.59 8.09 1.189 7.29 0.580 5.56 
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 Constant-Load Engine Test Results at ¾ Load Conditions  

Table 4.9 Petrol 

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
bar 

Piston 
Speed 
m/sec 

9.81 3500 116.11 20 0.17 0.454 0.81 14.52 0.560 5.58 0.850 5.25 

19.62 3487 111.11 20 0.18 0.486 0.88 14.72 0.552 5.98 0.926 5.23 

29.43 3478 105.26 20 0.19 0.511 0.79 12.56 0.647 6.29 0.834 5.21 

39.24 3458 95.24 20 0.20 0.536 0.69 10.45 0.777 6.60 0.733 5.18 

49.05 3443 90.90 20 0.22 0.590 0.57 7.85 1.035 7.26 0.608 5.16 

 

Table 4.10  5/95 

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
bar 

Piston 
Speed 
m/sec 

9.81 3789 133.30 20 0.15 0.403 0.87 17.75 0.463 4.90 0.843 5.68 

19.62 3748 117.64 20 0.17 0.457 0.94 16.90 0.486 5.56 0.921 5.62 

29.43 3712 95.23 20 0.20 0.536 0.84 12.88 0.638 6.52 0.831 5.56 

39.24 3699 91 20 0.21 0.562 0.74 10.82 0.759 6.84 0.735 5.54s 

49.05 3670 89 20 0.22 0.590 0.61 8.49 0.967 7.18 0.611 5.51 

 

Table 4.11   10/90 

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
bar 

Piston 
Speed 
m/sec 

9.81 3086 181.82 20 0.11 0.296 0.67 19.47 0.442 3.44 0.797 4.62 

19.62 3062 163.40 20 0.12 0.323 0.74 19.73 0.436 3.75 0.887 4.59 

29.43 3032 142.83 20 0.14 0.378 0.69 15.75 0.547 4.38 0.836 4.55 

39.24 2997 119.70 20 0.17 0.457 0.61 11.49 0.749 5.31 0.748 4.49 

49.05 2977 76.92 20 0.26 0.698 0.51 6.29 1.369 8.11 0.629 4.46 

 

Table 4.12   15/85 

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
bar 

Piston 
Speed 
m/sec 

9.81 3150 181.82 20 0.11 0.297 0.69 20.35 0.430 3.39 0.805 4.72 

19.62 3130 172 20 0.12 0.325 0.80 21.51 0.406 3.72 0.939 4.69 

29.43 3068 153 20 0.13 0.352 0.69 17.12 0.510 4.03 0.826 4.60 

39.24 3018 142.85 20 0.14 0.378 0.62 14.32 0.609 4.33 0.755 4.52 

49.05 3003 125 20 0.16 0.432 0.49 9.92 0.880 4.94 0.599 4.50 
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Table 4.13      20/80 

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
bar 

Piston 
Speed 
m/sec 

9.81 3086 153.84 20 0.13 0.356 0.71 18.88 0.501 3.76 0.845 4.68 

19.62 3065 122.22 20 0.16 0.439 0.78 16.77 0.563 4.65 0.935 4.59 

29.43 3042 116.67 20 0.17 0.464 0.69 14.05 0.672 4.91 0.833 4.56 

39.24 2960 112.85 20 0.18 0.493 0.58 11.11 0.850 5.22 0.722 4.20 

49.05 2910 95.23 20 0.21 0.572 0.47 7.76 1.217 6.06 0.593 4.18 

 

Table 4.14       30/70 

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
bar 

Piston 
Speed 
m/sec 

9.81 3301 83.33 10 0.12 0.335 0.76 21.65 0.440 3.51 0.846 4.95 

19.62 3276 79 10 0.13 0.364 0.82 21.52 0.444 3.81 0.919 4.91 

29.43 3230 76.92 10 0.14 0.389 0.72 17.69 0.540 4.07 0.818 4.85 

39.24 3209 69.01 10 0.15 0.418 0.64 14.64 0.653 4.37 0.732 4.81 

49.05 3189 66.67 10 0.16 0.446 0.51 10.92 0.874 4.67 0.587 4.78 

 

 

Table 4.15        40/60 

Load 
N 

Engine 
Speed 
RPM 

Time 
Sec. 

Rate 
ml 

Volume  
Rate 
ml/sec 

Mass 
Rate 
Kg/h 

Brake 
Power 
kW 

Brake 
Ther 
Effici (%) 

BSFC 
Kg/k
Wh 

Fuel 
Power 
kW 

BMEP 
bar 

Piston 
Speed 
m/sec 

9.81 2810 63 10 0.16 0.450 0.65 13.92 0.692 4.67 0.849 4.23 

19.62 2799 62.50 10 0.17 0.479 0.70 14.08 0.684 4.97 0.919 4.19 

29.43 2754 59.01 10 0.18 0.504 0.62 11.85 0.813 5.23 0.826 4.13 

39.24 2723 55.56 10 0.19 0.507 0.54 9.76 0.933 5.55 0.728 4.08 

49.05 2714 51.63 10 0.20 0.562 0.44 7.55 1.277 5.83 0.595 4.07 
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APPENDIX D 

 

  

Load  
N 

Mass Flow 
Kg/s 

Mass Flow 
Kg/hr 

BP 
kW 

BTE 
% 

BSFC 
Kg/kWhr 

BMEP 
bar 

FUEL POWER 
kW 

9.81 
19.62 
29.43 
39.24 
49.05 

0.000172 
0.000188 
0.000216 
0.000232 
0.000282 

0.618 
0.676 
0.776 
0.803 
1.016 

0.59 
0.69 
0.87 
0.92 
1.09 

7.74 
8.28 
9.09 
8.95 
8.72 

1.049 
0.980 
0.893 
0.873 
0.933 

0.602 
0.704 
0.887 
0.938 
1.112 

7.62 
8.33 
9.57 
10.28 
12.50 

  

 
10/90 

Load  
N 

Mass Flow 
Kg/s 

Mass Flow 
Kg/hr 

BP 
kW 

BTE 
% 

BSFC 
Kg/kWhr 

BMEP 
bar 

FUEL POWER 
kW 

9.81 
19.62 
29.43 
39.24 
49.05 

0.000178 
0.000179 
0.000215 
0.000222 
0.000279 

0.641 
0.643 
0.774 
0.799 
1.001 

0.61 
0.69 
0.89 
0.92 
1.10 

8.19 
9.22 
9.89 
9.93 
9.10 

1.051 
0.930 
0.870 
0.869 
0.910 

0.622 
0.704 
0.908 
0.939 
1.122 

7.44 
7.48 
8.99 
9.28 
11.66 

15/85 

Load  
N 

Mass Flow 
Kg/s 

Mass Flow 
Kg/hr 

BP 
kW 

BTE 
% 

BSFC 
Kg/kWhr 

BMEP 
bar 

FUEL POWER 
kW 

9.81 
19.62 
29.43 
39.24 
49.05 

0.000183 
0.000174 
0.000212 
0.000214 
0.000279 

0.657 
0.628 
0.763 
0.769 
1.008 

0.62 
0.69 
0.88 
0.91 
1.11 

8.22 
9.62 
10.08 
10.52 
9.19 

1.061 
0.910 
0.867 
0.845 
0.908 

0.633 
0.704 
0.860 
0.928 
1.132 

7.54 
7.17 
8.73 
8.65 
11.49 

20/80 

Load  
N 

Mass Flow 
Kg/s 

Mass Flow 
Kg/hr 

BP 
kW 

BTE 
% 

BSFC 
Kg/kWhr 

BMEP 
bar 

FUEL POWER 
kW 

9.81 
19.62 
29.43 
39.24 
49.05 

0.000181 
0.000188 
0.000218 
0.000228 
0.000304 

0.653 
0.677 
0.788 
0.821 
1.096 

0.62 
0.68 
0.89 
1.01 
1.19 

8.99 
9.49 
10.71 
11.62 
10.30 

1.053 
0.940 
0.835 
0.813 
0.922 

0.633 
0.694 
0.908 
1.030 
1.214 

6.89 
7.16 
8.31 
7.92 
11.58 

Constant Speed Test at 3600 rev/min 
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30/70 

Load  
N 

Mass Flow 
Kg/s 

Mass Flow 
Kg/hr 

BP 
kW 

BTE 
% 

BSFC 
Kg/kWhr 

BMEP 
bar 

FUEL POWER 
kW 

9.81 
19.62 
29.43 
39.24 
49.05 

0.000171 
0.000178 
0.000217 
0.000222 
0.000288 

0.615 
0.639 
0.780 
0.799 
1.037 

0.59 
0.68 
0.87 
0.92 
1.10 

9.15 
10.13 
10.63 
10.99 
10.13 

1.043 
0.940 
0.896 
0.868 
0.901 

0.602 
0.694 
0.887 
0.938 
1.122 

6.45 
6.71 
8.18 
8.37 
10.85 

40/60 

Load  
N 

Mass Flow 
Kg/s 

Mass Flow 
Kg/hr 

BP 
kW 

BTE 
% 

BSFC 
Kg/kWhr 

BMEP 
bar 

FUEL POWER 
kW 

9.81 
19.62 
29.43 
39.24 
49.05 

0.000168 
0.000180 
0.000205 
0.000210 
0.000279 

0.606 
0.651 
0.740 
0.756 
1.009 

0.58 
0.67 
0.86 
0.90 
1.08 

9.23 
9.95 
10.79 
11.04 
10.35 

1.045 
0.971 
0.860 
0.840 
0.933 

0.592 
0.684 
0.877 
0.918 
1.102 

6.28 
6.73 
7.97 
8.15 
10.43 
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Constant Speed Test at 2200 rev/min 

 

 

 

  

Leaded Petrol 

Load  
N 

Mass Flow 
Kg/s 

Mass Flow 
Kg/hr 

BP 
kW 

BTE 
% 

BSFC 
Kg/kWhr 

BMEP 
bar 

FUEL POWER 
kW 

9.81 
19.62 
29.43 
39.24 
49.05 

0.0000892 
0.0000925 
0.000106 
0.000112 
0.000143 

0.321 
0.333 
0.380 
0.404 
0.514 

0.37 
0.45 
0.52 
0.57 
0.68 

9.37 
10.97 
11.05 
11.49 
10.73 

0.867 
0.746 
0.730 
0.709 
0.756 

0.617 
0.751 
0.868 
0.952 
1.135 

3.95 
4.10 
4.69 
4.96 
1.135 

 
10/90 

Load  
N 

Mass Flow 
Kg/s 

Mass Flow 
Kg/hr 

BP 
kW 

BTE 
% 

BSFC 
Kg/kWhr 

BMEP 
bar 

FUEL POWER 
kW 

9.81 
19.62 
29.43 
39.24 
49.05 

0.0000919 
0.000105 
0.000107 
0.000115 
0.000135 

0.331 
0.377 
0.383 
0.414 
0.487 

0.38 
0.43 
0.51 
0.58 
0.67 

9.57 
9.82 
11.40 
12.50 
11.86 

0.879 
0.876 
0.752 
0.714 
0.726 

0.634 
0.718 
0.851 
0.968 
1.118 
 

3.97 
4.38 
4.47 
4.81 
5.65 

 
15/85 

Load  
N 

Mass Flow 
Kg/s 

Mass Flow 
Kg/hr 

BP 
kW 

BTE 
% 

BSFC 
Kg/kWhr 

BMEP 
bar 

FUEL POWER 
kW 

9.81 
19.62 
29.43 
39.24 
49.05 

0.000914 
0.000104 
0.000110 
0.000115 
0.000143 

0.329 
0.374 
0.396 
0.413 
0.515 

0.37 
0.44 
0.49 
0.58 
0.74 

9.84 
10.28 
10.81 
12.80 
12.56 

0.889 
0.851 
0.800 
0.712 
0.700 

0.617 
0.734 
0.818 
0.968 
1.235 

3.76 
4.28 
4.53 
4.74 
5.89 
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20/80 

Load  
N 

Mass Flow 
Kg/s 

Mass Flow 
Kg/hr 

BP 
kW 

BTE 
% 

BSFC 
Kg/kWhr 

BMEP 
bar 

FUEL POWER 
kW 

9.81 
19.62 
29.43 
39.24 
49.05 

0.000892 
0.000106 
0.000114 
0.000121 
0.000143 

0.321 
0.382 
0.410 
0.436 
0.515 

0.35 
0.47 
0.54 
0.62 
0.71 

10.32 
11.63 
12.44 
13.44 
13.00 

0.914 
0.813 
0.759 
0.703 
0.725 

0.584 
0.784 
0.901 
1.035 
1.184 

3.39 
4.04 
4.34 
4.61 
5.45 

  

30/70 

Load  
N 

Mass Flow 
Kg/s 

Mass Flow 
Kg/hr 

BP 
kW 

BTE 
% 

BSFC 
Kg/kWhr 

BMEP 
bar 

FUEL POWER 
kW 

9.81 
19.62 
29.43 
39.24 
49.05 

0.0000892 
0.000109 
0.000117 
0.000120 
0.000135 

0.321 
0.392 
0.421 
0.432 
0.485 

0.36 
0.46 
0.55 
0.59 
0.63 

10.71 
11.19 
12.47 
13.05 
12.37 

0.892 
0.852 
0.765 
0.732 
0.770 

0.601 
0.767 
0.917 
0.984 
1.052 

3.36 
4.11 
4.41 
4.52 
5.09 

40/60 

Load  
N 

Mass Flow 
Kg/s 

Mass Flow 
Kg/hr 

BP 
kW 

BTE 
% 

BSFC 
Kg/kWhr 

BMEP 
bar 

FUEL POWER 
kW 

9.81 
19.62 
29.43 
39.24 
49.05 

0.0000911 
0.000102 
0.000109 
0.000117 
0.000133 

0.328 
0.368 
0.394 
0.422 
0.478 

0.37 
0.43 
0.51 
0.57 
0.60 

10.85 
11.28 
12.50 
13.04 
12.07 

0.887 
0.856 
0.773 
0.741 
0.796 

0.617 
0.718 
0.851 
0.951 
1.001 

3.41 
3.81 
4.08 
4.37 
4.97 
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APPENDIX E 

   EXPERIMENTAL PICTURES 

 

 

Plate 1: Engine Test Rig. 
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Plate 2: Tachometer used for speed measurement 

 

 

 

 

 

 

 

 

 

 

Plate 3: Laboratory for Characterization of Fuels 
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Plate 4: Blend Preparation in Automobile Laboratory, Federal University of Technology  

Owerri  


